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ABSTRACT 

 

The position accuracy of range free localization is a vital problem in Wireless Sensor Networks (WSNs). 

The accuracy of the localization procedure seriously impacts the performance of the localization 

dependent protocols and applications, such as moving and storage. Most of the range free localization 

procedures are designed by assuming that the sensor nodes are deployed in systematic areas without any 

problems.  This assumption doesn’t reflect the real world conditions especially for outdoor deployment of 

WSN. In this paper we propose a novel scheme called Range Free Angle Calculation (RFAC) based 

sensor localization in WSNs, which can significantly reduce the localization error in the irregular 

deployment areas. We estimate the average hop distance by selecting the middle of the transmission path 

between every two anchor pairs single by single. Then the estimated hop distance is adjusted by the 

position between the anchor pairs to that certain middle point. The simulation effects show that RFAC 

achieves significant development in localization accuracy in anisotropic WSNs. 
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Chapter 1 

 

Introduction 

1.1 Introduction 

In today wireless network could be a most focusable topic in communication technology. 

Wireless sensor Networks (WSNs) are often realistic in several applications, like ordinary 

resources exploration, Objectives pursuit and distant spaces watching so forward. In these 

submissions, the data is composed and transmitted by the sensor nodes. Numerous applications 

request this sensor nodes position data. Furthermore, the situation data is additionally requisite in 

topographical routing protocols and accumulation of these mentioned on top of build localization 

algorithms become one in all the foremost vital problems in WSNs researches. The sites of the 

square detector nodes therefore measure vital for WSN operations. The square detector knots 

measure willy-nilly used by vehicle robots or aircraft in an inaccessible piece of soil. To be used 

in a number of promising applications, such as healthcare, combat police, environmental 

surveillance, coverage, routing, site services, goal pursuits, and rescue.   

The global positioning system or a standalone cellular system square measures the most 

promising and correct positioning procedures and it is impracticable to limit the high value and 

energy intensity of GPS systems wherever a detector node’s lifetime is incredibly important. On 

the contrary, in situations of deep shadowing, the cell signals square measure interrupted. The 

other nodes can acquire position data through the localization methodology to decrease energy 

consumption and value solely through the range of a number of squire   measurements nodes 

referred to as anchor or beacon modules.     

Range protocols are used to calculate the situation between neighboring sensor using absolute 

point-to-point distance or angle data. The second category of strategies, the non-anchor nodes, 

uses the anchor nodes with no special hardware to distinguish them from non-anchors. Many 

square measuring technology can be achieved for various measurements, such as the Angle-of 

Arrival (AOA), the RSSI, Time-of-Arrival (TOA), or the Time-Difference-of-Arrival (TDOA). 

Due to the hardware limitations of WSN devices solutions are pursued as economical approaches 

in a free range location square measurements other than costlier.   
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To improve location accuracy has one way that would be to exclude distorted path information 

from certain anchors but it does have two specific problems. The first reason is that the sensors 

do not read their network worldwide, they don't need a way to determine whether or not track 

data are distorted. Secondly , it associate with  nursing staff will be confident that they will be 

aware of the fact that square measures are taken by different associates in nursing staff in a clear 

route[6-10], because they can prove that their mutual liableness supports the calculation of the 

anticipated length of hop. 

For example, the sensors do not understand their own location, however, Associates in anchors 

and sensors cannot have confidence during this method, consequently they cannot create an 

expected hop-length measurements. We incline to offer during this paper a unique and variable 

free subject, which is that we are inclined to make a decision about Free Angle Calculation 

(RFAC) mainly Wireless Detector Localization Networks. The procedure planned will improve 

the accuracy of the position while the hardware cost of detector nodes and fewer anchor nodes 

will not be increased [1]. In the last of the paper it is arranged how is that. Basic distance 

measurement techniques in place measurements in WSNs delineate a pair with their common 

falls and challenges in short chapter. The algorithms of location and their square analysis are 

totally different and are mentioned in chapter three. Numerous localization applications mainly 

in chapter four tend to be described in this context. In chapter 5, we tend to provide numerous 

localization analysis criteria. Then we tend to look ahead and challenges ahead in chapter half a 

douse of free localization algorithms. Finally, in the last chapter we tend to conclude. 

1.2 Motivation 

Connecting together are being functioned a wireless sensor network allows nodes to 

communicate and control one another. Basically it can be used to monitor infrastructure such as 

bridges and tunnels where power and cables are not necessary. Even places are required in long 

term observation for detecting retardation can be monitored simply by a touch of WSN. This 

maintenance free system reliably collects data across the wide area. The important factor in this 

technology are the formation of an autonomous mesh network achievement of low power 

consumption as well as high reliability network. 
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1.3 Aims and Objective 

Aims and objective of this work:  

 To Lower Power Consumption  

 To decrease Cost. 

 To maximize network lifetime. 

 To ensure location accuracy. 

 To minimize energy efficient routing. 

 To bring flexibility and specific design of WSN. 

 To optimize multiple conflicting objects. 

1.4 Report Formation 

While solving the problems there is no such way to eliminate the problems completely. So what 

we could do is to minimal the threat level as far as possible. For this problems we will provide 

possible solutions to mitigate. In the field of wireless sensor network there are lots of technique. 

Like APIT, DV-hop, Multi-hop etc. Now we are willing to observe in MATLAB for simulating 

where we are expecting a relevant result. We are working on these techniques based wireless 

sensor network. Finally we worked with range free dv-hop. We have shown the location error 

and coverage of improved dv-hop in our simulation.  
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Chapter 2 

Background Study 

2.1 Localization 

There is only one location for all key wireless sensing element network techniques. The 

placement estimation strategies can be divided into target / source location and node autonomy. 

We mainly introduce the energy-based technique in the target location. Then we tend to study 

autonomy strategy of the node. Because the network of wireless sensing elements is widely 

adopted, in various applications, the localization strategies are entirely different. And in some 

special eventualities there are many challenges. In this paper, we tend to provide the following 

comprehensive survey: non-line-of-sight tracking; node-selection criteria for energy-restricted 

network localization; the programming of the sensing element node to optimize the trade-off 

between location performing and energy consumption; cooperative location of the node and 

localization in a heterogeneous network. Finally, analytical criteria for location in wireless 

sensing element networks tend to be introduced. Due to these low energy price sensors, 

microchips, and frequency electronic data transfer systems, the Wireless Sensing Element 

Network (WSN) is well and rapidly diffused. Data transmission systems. In several promising 

applications like health police work, police fighting and environmental monitoring wireless 

sensing element networks that accommodate thousands of cost-effective sensing element nodes 

are used. The placement data are often helpful in the coverage, deployment, routing, location 

service, target tracking and rescue sector for one of the most important topics. The location 

assessment could thus be a major technical challenge for scientists. And in every of the key 

WSN techniques, localization is one. 

2.1.1 Localization Process 

The problem with the location of the sensor is that the entire sensor node or subset is located. 

The process of localization locates sensor nodes on the basis of input data. If an anchor is 

available in the network, anchor locations are common, whereas other inputs are based on 

measuring techniques. The localization process overview shown figure 2.1. 

  

Fig 2.1: Localization process 
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The process of location locates the nodes according to the data input. If there is an anchor on the 

network, the usual inputs are the anchor locations. Other inputs include connectivity information 

for non-range techniques and distance or angle of range techniques between nodes. Figure 2.2 

shows the flow sheet of a location process. 
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Fig 2.2 Flow sheet of the location process 
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2.1.2 Classification of Localization Technique 

The calculation can be divided between sensor nodes and location algorithms can be selected 

different. The location techniques can be largely categorized into centralized and decentralized 

or distributed techniques, based on the computation model. Figure 2.3 shows the taxonomy of 

location techniques. 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.3: Taxonomy of localization technique 

 

2.1.3 Centralized Localization Techniques 

The all square measurements at the central base station (BS), in the centralized localization, 

wherever the computation takes place. The results are then transmitted to the nodes. The network 

information transmission causes latency, a large amount of energy consumption and 

measurement. The advantages of this square method are that the computing issue is eliminated in 

each node. The inconvenience of this topic is that information cannot be accessed correctly as 

well as inadequate scaling [16]. For small networks, it is a lot accessible. Because of the 

existence of world data, there is a lot to be done than the following formula: multidimensional 

mobile-scaling aided programming (MDSMAP), semifinal programming (SDP), simulated 

hardness mainly based localization (LBSA), are popular central localization algorithms. 

 

2.1.4 Distributed Localization Techniques 

The specified computing process itself takes place in distributed location device nodes and 

communicates with each other to induce their own network location. With respect to varying 

measurements, the distributed location is often categorized into varying mainly based 

 Localization Technique  

Centralized Localization Technique Distributed Localization Technique 

Range based Technique Range free Technique 
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localization techniques and different. Figure 2.4 shows the wide classification of distributed 

location techniques. 

 

2.1.5 Range Free Localization Techniques 

Detailed discussion has been held on the free localization methods. Special remote estimation 

hardware is not used in the range-free schemes. The low cost and simplicity of distance 

assessment has attracted people's attention in recent years. In you can see the taxonomy of free 

systems. 

 

 

 

 

 

 

Fig 2.4: Classification of distributed location techniques. 

 

 
2.1.6 Approximate Point in Triangle (APIT) 

A largely variable free-theme with a sectional area unit is APIT, assuming that several nodes 

with high power transmitters are alert to their positions. APIT is found in the space for 

estimating position by separating the area between anchors into triangular areas. The presence of 

every node within or outside constellation regions allows the viable location to decline until each 

potential set is sufficiently accurate. Figure illustrates the flowchart of the APIT algorithm. 
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Fig 2.5: Flow sheet of APIT Algorithm 

 

DV-Hop 

The location of DV-Hop uses the same mechanism as the traditional method of distance vector 

routing. A message containing the anchor positions is sent from one anchor node. The minimum 
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such possible triangle 
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value each node receives is maintained. Then the opposite message with higher values is ignored. 

Messages transmitted at each middle hop with hop count numbers increased. Within this theme, 

the shortest distance in hops for all nodes in the network and alternative anchors [2]. The total 

hop distance in the anchor can be calculated as follows:                                    

 

 

 

Where anchor j is at location (xi, yj) and hj is the distance in hops from j to i. anchors propagate 

the estimated hop size to the closest nodes. The triangulation is used location estimation of 

unknown nodes. In this algorithm for 2 Dimensional deployment of network, minimum 3 

anchor’s locations are used. 

 

Multi-Hop 

Multi Hop techniques square measure able to cypher a property graph. The multi-dimensional 

scaling (MDS) uses property data considering the nodes square measure at intervals the 

communication vary. This scheme has three steps as follows: 

 In the first step, the distance estimation between each viable pair of nodes is done. 

 In the second step, MDS is used for deriving the locations to fit the estimated distance. 

 Finally, in the last step, optimization is done by putting the known locations into account. 

In large scale sensor networks, there are several kind of MDS methods are used such as metric, 

non-metric, classical, weighted. The multi hop based multi literation process allows multi hop 

nodes to collaborate in finding better position estimates. 

 

Centroid 

Centroid uses a grain localization algorithm based on proximity. The location of the node is 

calculated on the basis of several node positions in the centroid location algorithm. In the center-

level positioning algorithm, anchor nodes (RLN) are placed (xi, yi). Unknown nodes estimate 

their position using the following formula after receiving the information:    
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The number of anchor knots is the position estimate for the sensor knot and N is (Xest, Yest). 

The center algorithm has the task of taking several nodes around the nodes as illustrated in figure 

2.6.  

 

 

 

 

 

 

 U- Unknown node 

 

 

A-          A-Anchor node 

 

Fig 2.6 Position of nodes 

 

Gradient 

In gradient algorithm, unknown nodes obtain their locations through multi literation. It also uses 

hop count which is initially set to zero and incremented as it propagates to other nearby nodes. 

Gradient algorithm follows certain steps such as the following: 

 In the first step, anchor nodes broadcasts a message containing it’s coordinated and 

hop count value. 

 In the second step, unknown node determines the shortest path between itself and 

anchor node from which it receives beacon message. The estimated distance can be 

calculated by following equation: 

             

In the third step, minimum error in which node calculates its coordinate is computed by 

following equation:                       

  

Where dji is gradient propagation based estimated distance. 

 

 

A 

A 

A 

U 

A 

A 

A 
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2.1.7 Wireless Sensor Network (WSN) 

The expansion of relatively economical and low-power sensors was possible with wireless 

communication technology. The ultimate goal is to create a wireless device network that is 

capable of feeling the environment, coping tasks and communicating with each other in order to 

achieve certain goals such as monitoring certain developments, the following target, fire 

detection and on-site police work across a number of applications and requires localization of 

each node within the network. However, device nodes area unit is installed randomly throughout 

a given region in a great number of cases. The main task, therefore, is to search for node 

placement. 

 

To find out the physical location of sensor node in WSN operation is crucial problem because of 

its use in  

(i) identification of the origin of sensor reading,  

(ii) energy aware geographic routing,  

(iii) self-organization and self-configuration of networks [3].  

 

In addition, the site itself is of interest in various applications. It's a simple way, that is. But in 

large scale deployment manual configuration is impractical. Figure 2.7 shows a simple network 

of wireless sensors. 

 

 

Fig 2.7 Wireless network topology of sensors 
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The other potential means for node localization is to feature international Positioning System to 

detector node. However, adding a GPS receiver to every node isn't viable answer attributable to 

its giant power consumption, high cost, and inexactness within the literature, numbers of 

localization system and algorithms for detector network are rumored, that are loosely classified 

into vary based mostly and vary free schemes on the idea of location estimation mechanism. The 

various schemes are mainly outlined through protocols using absolute distance free placements 

are based on estimates of placement computations that make no assumptions about the 

availability or legitimacy of such information, because the sensor hardware is restricted, 

solutions are considered in various free schemes to be cost effective substitutes for the most 

expensive schemes. The taxonomy of the location algorithms supported several different criteria, 

such as: varying measurement dependence, procedure model and anchor. 

 

2.1.8 Importance in Localization Techniques 

The location of the sensor network is an active research field with a number of problems, and so 

the research community still has plenty of scale. Some of the problems must be tackled: 

 Cost effective algorithms: During the design of localization algorithm, designer must 

keep in mind the cost incurred in hardware and deployment. GPS is not suitable because 

of its cost and size of hardware. 

 Robust algorithms for mobile sensor networks: Mobile sensors are much useful in 

some environments because of mobility and coverage facility. Hence, development of 

new algorithms is needed to accommodate these mobile nodes. 

 Algorithms for 3 Dimensional spaces: For many WSN applications, accurate location 

information is crucial. The more of the proposed algorithms are applicable to 2D space. 

Some of the application needs 3D positioning of WSNs. 
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Chapter 3 
 

 

Localization Measurement Techniques in WSNs 

 

3.1 Angle of Arrival (AOA) Measurements 

The techniques of AOA activity are called the measurement of bearing or the direction of arrival. 

Two classes of techniques are possible to obtain AOA measurements: One from the amplitude 

response of the antenna receiver and another from the section response of the antenna receiver. 

The angle at which the signal reaches unknown nodes is calculated using these techniques from 

the anchor node. Then there can be a line with a precise angle of anchor node wherever the 

unknown sensing element is located. A minimum of 2 square anchor nodes for calculating the 

positions in AOA activity techniques are required [4]. If there is a small mistake in activity, the 

location error may well be huge. Precision is based on the antenna direction, and the square 

measuring activity is advanced by the presence of the shadow and several trajectories resulting 

from the atmosphere measurement. A multi-path section of the transmitted signal could seem 

like a symptom coming back from totally different directions, resulting in a very serious activity 

precision error. Thus, AOA technology is of limited localization interest except in the case of 

giant antenna arrays. As a result, this feature is not energy-efficient for WSNs with small sensing 

element nodes.   

3.2 Distance Related Measurement 

Distance related measurements can be further classified as propagation time measurements (One 

way, round trip and time difference of arrival (TDOA)), RSS based and connectivity based 

measurements. 

3.2.1 Propagation Time Measurement 

The principal approach is to live the distinction between the cause time of the transmission signal 

and the time of receipt of the signal at the receiver in a manner of propagation time measure. 

This distinction between this point and the propagation speed of the signal within the media is 

then calculated for the gap between the transmitter and the receiver. Measurement of time delay 

could be a relatively mature field. But it needs the synchronization of the civil time of the 

transmitter and the civil time of the receiver as a considerable restriction in the way propagation 
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time measures are carried out. Any difference between the native times at the transmitter and the 

recipient can lead to massive errors in estimating the distance and therefore a massive error in 

estimating the position. At the speed of a sunshine one cannot translate into a distance 

measurement mistake of zero.3m a really small synchronization mistake. By difficulty a very 

correct time or by a complicated algorithmic synchronization, the appropriate synchronization 

demand might add additional value to the sensing element nodes or complexity to the network of 

sensing elements. This inconvenience makes the location of WSNs less engaging [5]. 

The round journey time measurement measures the distinction between days when an indication 

sent to the primary sensing element node by the sensing element node comes. There is no need 

for time synchronization in this technique, since the time differentiation is measured at the native 

clock of the transmission sensory node victimization element. In this technique, the major source 

of error is that the delay required to process the signal, process it again, and challenge it within 

the second sensor element nodes. This inner delay is legendary either via the previous activity or 

is measured at the second sensing node. Each time measurement is low by noise, signal 

information measurement, non-line visual and multi-path atmosphere in order to beat a nude, 

where the primary sensing element node is challenged when the synchronizing downside is 

additionally deducted. As its information measurement is extremely massive and therefore its 

pulses have an extremely short length, UWB can achieve extremely high accuracy. This feature 

provides fine time resolution of UWB signals and hence the potential for separating multi-way 

signals. Time distinction of the arrival measures severely, assuming square measures are 

legendary for square locations of two recipients and that they squarely measure utterly 

synchronous between the arrivals times of the transmitting signal at two separate receptors. This 

method requires three receivers to find the transmitter location unequivocally. Precision is 

reduced by a sync and multi-path error. Precision improves when the distance between recipients 

is multiplied by that which increases the difference between arrival days [6]. 

 

3.2.2 Received Signal Strength (RSS) Based Measurement 

The distance between two sensor nodes from the received signal strength is assessed by the 

received signal strength measures. The RSS can be measured in most sensors. The estimated 

distance from the RSS is a function that decreases monotonously. The relationship is modeled on 

a standard log model:            
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Where P0(d0) [dBm] is a reference power in dB mill watts at the transmitter reference distance 

d0 np is a loss exponent of path measuring the distance at which the signal received is lowered 

by the range, xαa zero is the Gaussian standard deviation s random variable, which accounts for 

the shadowed random effect. The environment depends on both np and s. In view of the 

parameters of the model and of the models known by a prior measurements, RSS measurements 

allow the distance between two sensor nodes to be derived. This distance can then be used to 

calculate location algorithm and use the multiple literature technique to estimate position. The 

approach to the lighthouse is another interesting method for measuring distance between an 

optical transmitter and an optical receiver. The distance is measured with this approach by 

estimating the length of the time in the optical ray of the receptor. The advantage is the small and 

low cost optical receiver. However, between the transmitter and the receiver, the visibility line is 

required. 

 

3.3 Connectivity Based 

The main measurement based on connectivity is that the simplest type of measurement technique 

we have mentioned before. During this technique, if the radius of each alternative is at intervals 

connected to a sensor element other than the sensor element. This is because the binary measure 

is treated. In this method, a sensor element node is connected to or not directly connected to 

another sensor element node (Binary 1), if outside the radio transmission node varies (Binary 0). 

Space is thus described from a sensing element to the sensing element for the reproductive 

structure because it is so accurately as possible to live the typical hop distance using the number 

of hop and numerous algorithms square measures. This class of the WSN algorithm is commonly 

known as a varying free algorithm of localization. 

3.4 RSS Profiling Measurement 

RSS-based measurement mainly estimates the gap between sensing nodes in the above section. 

This distance is then used by the localization algorithms to calculate the position of the sensors. 

But implementing such a rule faces 2 major challenges: first, build the RSS gap estimate terribly 

trouble-free in wireless environments in particular, and also in external wireless environments 
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with irregular objects within the measurement space. Secondly, the model parameter 

determination is also a terribly problematic task in order to overcome these problems, RSS 

identification measurement technology that estimates the location of sensing elements from the 

RSS unit maps in order to improve the accuracy. The RSS identification measurement works by 

creating a signal strength map type for anchor nodes at entirely different measurement space 

locations. Amazing measurements can either offline or online the map is achieved by deploying 

certain sniffing devices in some famous places. This kind of technique is used primarily for 

wireless loyalty, but it seems that it is also suitable for WSNs [7]. In mostly location systems, in 

addition to anchor nodes, unknown sensor element nodes, the RSS identification system includes 

a wide variety of sample points e.g. sniffing devices or the area unit of reference points spread 

over all the area of the coverage. The RSS signal power is obtained from a complete range of 

anchor nodes at each sample purpose, wherever ordinal entry matches ordinal anchor nodes. Of 

course completely different entries have different signal forces and because of the large distance 

from the anchor nodes a lot of them have nil values or nil values. 
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Chapter 4 

 

Localization Algorithms in WSNs 

 

During WSNs, locality algorithms may loosely be divided into categories, based on the 

measurement of the inter sensor distance: centralized and distributed. In central location 

technology, every distance measuring unit of the inter-sensor is transmitted to the central 

position in the position of each sensing element node unit. On the contrary, by using the gap 

measurement   of alternative anchor nodes in the distributed localizing technique, the individual 

sensing element nodes calculate their own position. Multi-Dimensional Scaling (MDS) applied 

mathematics and random optimization algorithms are key approaches to centralized algorithm 

unit planning. The DV-HOP. DV-distance and various alternative algorithm on top of 2 

algorithm are supported by several well-known distributed localization algorithms. The central 

and distributed localization rules area group, more split into different mainly based algorithm and 

different free algorithms.  In addition, the combination with different physical principles of data 

from completely different positions will enhance the precision and lust of the overall system. 

This leads to another class called hybrid fusion of knowledge. The range of locations mainly 

based is based on measurement techniques such as AOA and TOA. In order to estimate the gap 

between sensing element nodes, TDOA and RSSI as mentioned in the last section calculates 

position. Sometimes, different mainly based techniques achieve high accuracy, but require more 

hardware and consume extra energy. In the next section, we tend to focus on various free 

localization and hybrid techniques for knowledge fusion.  

         

4.1 Range Free Localization Algorithm  

Range-free localization technique, which is completely obsessed with packet content and can be 

less costly than several WSN based localization techniques. Square-free systems measure direct, 

low-cost and low-energy locations where geometric interpretation, limitation reduction and 

spatial formation of residents are carried out [8]. 
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4.1.1 Analytical Geometry Based 

In most popular alternatives, the analytical algorithms that evaluate on paper the typical hop 

distance of network victimization were supported by the various free localization algorithms of 

the area. The average hop distance obtained is domestically estimated for each detector node and 

the methodology for differentiating it to various detector nodes is also different. The pattern 

driven localization theme is projected to handle the subject of the property over a network. This 

paper devised 2 strategies for determining the calculable distance between anchors and detectors 

for allotropic environments to determine whether or not the anchor is slightly routed or 

powerfully distracted from traditional sensor nodes. The knowledge from the closest anchors 

(especially the reference station) is used for a small distorted anchors, and this reference station 

should be 3 or 4 hops away from traditional detector nodes. What means that the density of 

anchors should be very high? It developed a methodology in which the strong anchors were 

discarded. However, it is not possible to check accurately that the anchor area unit slightly 

disrupted, the area unit moderately or strongly retracted, what number of anchor anchors fall 

within the strongly disconnected class. Another analytical algorithmic program argues that it 

seems not appropriate to calculate the correct position of the nodes of a detector to average hop 

distance and hop distance between the anchor and detector nodes. It depends jointly on the range 

of transmission nodes (which convey information between 2 nodes). The author has shown that 

more accuracy can be achieved when using this data with other data.  

     

4.1.2. Mobile Anchor Based   

A mobile anchor with GPS capacities moves into a sensing space, transmitting its current 

geometrical co-ordinates sporadically. Contrary device nodes collect the mobile anchor node 

placement coordinates. The device nodes subsequently opt in for three non-collinear mobile 

anchor node coordinates and use totally separate mechanisms for estimating position [9]. This 

principle was supported by many square measurement location algorithms. The author in his 

geometric guess (perpendicular chord bisector of a virtual circuit) is mainly based on free 

localization, wherever a mobile anchor crosses a sensor space and sporadically broadcasts its 

existing localization coordinates. The surrounding device nodes track how the anchor 

coordinates in and outwardly bounded to build a chord vary in their communication. The device 

node repeats this method, until the moving anchor node of its communication differs from a 
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minimum of 3 coordinate points. There are two chords between the road segments between the 

three coordinates of the elected three. The perpendicular bisector of the 2 cords then gives the 

device node position estimates. The author planned a geometrical limitation based mostly on 

localization in order to improve the localization accuracy. The choice of method for 3 anchor 

coordinates of the communication varies from device node to device node will remain the same 

as in this subject. The intersection of the selected 2 co-ordinate inches initially determines the 

space for the device node constraint. This approach is continuous with two additional cross-

sectional points to a slender space of the device node. Finally, the position estimates of the 

device node are typical of all cross-sectional points. Another approach planned a mobile locale 

victimization anchor based on restricted space. With this approach, the precise type of trajectory 

of the moving anchor creates a certain kind of constraints for the node. In order to detect the 

potential location of the device node at intervals of totally different restrictive zones, a number of 

crossing square dimensions at intervals have produced entirely different constraint zones until 

the coordinating points arrive before the anchor node ends up on. The possible placement of the 

device node at intervals in the superimposing restricted areas is lowered by every slender 

intersection. The topic shows a high detection error as soon as a random model for the moving 

anchor node is used. The topic is overpriced jointly because of the calculation of multiple 

crossings. The curve fitting methodology and mobile anchor node were also planned for a further 

approach to calculate the location of device nodes. During this approach, the arrival and 

departure of the coordinates of the square measurement of the moving anchor nodes can be 

recorded continuously, as the moving anchor re-enters the communications zone of the device 

node. The positioning begins with a curve on the few chosen communication coordination points 

that varies and is iteratively refined by the Gauss-Newton method. The central coders of the 

fitted curve describe the device node position. Approximate geometric arc parameters are 

intended for mobile anchor-based localizers, mainly wherever localization begins. The usual 

square measurement of the approximate arc parameters generates the virtual circle chord. Later, 

together with the approximate radius, the perpendicular bisector of the chords is used to estimate 

position of the instrument node. For border nodes too, precision is improved. Albeit many square 

measurements techniques designed to this end arise, once the long period of the messages sent by 

the anchor node and hence the irregular radio propagation pattern consider a standard gap to 

some or all mobile anchors based mainly on location schemes.    
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4.2 DV HOP Count Algorithm 

Most of the free range localizing techniques use hop count-based information for the position 

calculation. The pioneering approaches of this kind are DV-Hop and Centroid. Centroid is 

designed for sensor nodes with a minimum of 3 neighboring anchor nodes. Assume that the N 

sensor node has three neighboring anchors A1, A2, A3, the two cords of which are (x1, y1), (x2, 

y2) and (x3, y3). Centroid’s principle is the estimated position of the central center point N of the 

anchors. Center position, referred to as (X centroid, Y centroid) can be calculated as middle, 

9ymid= (x1+ x2 + x3)/3, (y1 + y2 + y3)/3. Centroid has very low communication and computing 

costs and can be fairly accurate when anchors are regularly distributed. However the estimated 

location derived from the Centroid algorithm shall be inaccurate when the distribution of the 

anchors is not even. On the other hand, the DV-Hop and hop-terrain based hop count method 

requires little anchor number. In many different localization methods, DV-Hop plays an essential 

role in giving primary distance estimation to anchor nodes from sensor nodes [10]. DV-Hop 

propagates distance estimates throughout the WSN between anchor nodes represented by the 

number of hops. The average distance of each hop with which every node of the sensor computes 

the estimated distance to anchor nodes can then be estimated by anchor nodes. 

The location is calculated as follows by multi-literation: 
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The D0 location (x, y). The location of I oth’s anchor node recipient (xi, yi) should be the known 

location. Let's say the distance from the i0th anchor node to unknown nodes is di and the total 

number of anchors in the network is n. Here is then the following calculation formula for the free 

location of ranged-Hop however requires the same signal strength attenuation in all directions as 

well as consistently implemented WSN's. The relevant literature proposed many improved 
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algorithms, based on the following metrics, to modify the disadvantage of existing DV-Hop 

location algorithms: 

Improvement based on average hop distance:  

There are many works that have altered the average hop distance between anchor nodes to 

improve the positioning preciseness in the randomly deployed node density and connective ness 

of the network. For example the position precision was improved by modifying the network 

mean hop distance based on the minimum average square error criteria, as Hop Size Name The 

anchor node coordinates I and j and hij are the hop number between I and j anchors. Improved 

distance estimation and therefore the precision of the DV-Hop algorithm are achieved with the 

algorithms 

Improvement based on node information and nearest anchors:  

There are still some disadvantages of square measurement that support the typical hop distance, 

especially when the transmission route is not straight, but no significant improvement on 

localization accuracy. These square approaches only measure correctly if the topology is 

isotropic (i.e. the shortest distance is approximate for geometrician distances between anchors 

and sensors. However, if the topology is not isotropic or contains a complete (anisotropic 

environment), huge errors may also occur within the distance estimate. Some changed ways were 

planned to use the anchor node data and, consequently, to boost DV-Hop localization technique, 

the relationship between the anchor node and the sensing element node or topological structure 

data. In order to reduce the holes ' influence (obstacle form), counsel only operates four nearest 

anchors to the effect that the shortest way to closest anchors can also be less irregular, and this 

produces a significant number of cases but leads to the disadvantage that some sensitive anchors 

are incorrectly discarded that could increase the accuracy of locations. 

 

4.2.1 Improved DV-HOP Algorithm 

This section improves the focus on step 2 and step 3 of the DV-Hop algorithm. In step 2, the 

anchor node will be transmitted as a correction to the network after the hop has been obtained. 

For a single hop, average size for a packet is {I’d, Hop-Size}, including the ID. When a node 

receives the packet, it adds information to a table and transmits it to neighboring nodes. The 

iterative ID package will be discarded. After the first step of broadcast, each node gets the hop 
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size, which the DV-Hop algorithm calculates with anchor nodes [11]. We use the following 

formula to average the entire hop size of various anchor nodes: 

 

  

 

Where n is the number of anchor nodes, Hop Size (i) is obtained using (3-1). In the end of this 

step, unknown nodes compute the distance to the beacon nodes based hop-length and hops to the 

beacon nodes by the formula: 

                          

 

In step 3, a general model for two-dimensional (2-D) position location estimation of a source 

using M anchor nodes is developed. Let (x, y) be the source node location and (xi, yi) be the 

known location of it’d anchor node receiver Denote the distance between the unknown node and 

anchor node I by di. It is clear that 

                           . 

 

The estimated physical distances and the anchor position in DV-Hop algorithm are used to 

conduct a triangulation in order to obtain the final results. With our improved localization DV-

Hop system, the traditional Triangulation algorithm is not being adopted; rather the 2-D 

Hyperbolic Location algorithm is to be used. We have the following expression in the definition:   
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We can have 

 

Using Least Square (LS) algorithm we can get 

 

 

Then, the coordinates of the unknown node, (x,y) is expressed as: 

 

 

 

4.2.2 Differential Evolution Algorithm (DE)  

DE algorithm is based on population’s it for each minimum of F (x) problem of minimization N 

candidate solutions are available, 1, 2... I N is population and t is present generation. Each 

random vector is derived from the equation (4) during the mutation operation, r is random 

numerals between 1 and N, F being weighted by 0 to 2.  

 

                                              Vi
t=

=Xr1
t
+F (Xr2

t
-Xr3

t
) 

In the hybrid operation, we use the two vectors to obtain the new population including the 

random vector and target vector 

 

 

Where the value for j-th is [0.1], j € [1, D] is the value for j-th in the numbers of random. CR, CR 

represents the mutation of probability ran dr (I) € [1, 2... D], Ran dr(i) randomly receives 

index[94-96]. It works to ensure that' x it cannot receive less than one v it parameter. The greedy 

strategy is used by select operations:  

 

       Where                        represents the fitness function. 
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4.3 Hybrid Data Fusion  
Hybrid knowledge-fusion relies on the principle of integrating knowledge with various physical 

measuring techniques from totally different positioning systems to achieve greater accuracy in 

comparison with alternative and comprehensive localization techniques. Analysis work recently 

focused on two main approaches to the hybrid fusion of knowledge: centralized and distributed. 

The distributed approach is used in the repetitive positioning and in the cooperative link 

selection. This node is used when the position is calculated for unknown nodes, as the anchor 

node for alternative detector nodes is used in repeated multi-literation. To complete the 

localization method, multiple iterations are necessary. An additional attention recording work 

uses the mixing angle technique, mainly based on the location and filtering of the maps and the 

calculation of the dead (PDR) of peat-related counts. Pedestrian dead calculation provides the 

right trajectory length and shape. The estimates obtained from angle-based localization 

techniques are thus mainly incorporated into the PDR-move, because the fusion filter is utilized 

along with a vector map incorporated into a particle filter. The combination of complete 

information from various positions leads therefore to a higher precision in positioning. Fusion of 

hybrid knowledge is also used for pedestrian trailing purposes. This hybrid technique usually 

fuses a Kalman filter to measure mechanical phenomena and RSS information. Classic hybrid 

approaches were mainly technically supported with the process RSS or map. On the other hand, 

another technique uses the technique of channel modelling wherever an instantaneous 

relationship is provided by a channel model between the two nodes gap and, therefore, the RSS 

system. Triangulation or multi literation is then used to estimate the knot position between 

glorious anchor nodes and a group of distances. The standardization value of this approach is 

limited. In addition, fusion between measurements of mechanical phenomena and the location of 

channels ensures greater accuracy than finger printing-based strategies. The integration of 

WLAN knowledge with a built-in camera into the wise telephone for position estimation is 

another hybrid knowledge fusion system. This approach uses visual markers for position 

correction pre-installed on the ground. In addition, visual information is combined with radio 

knowledge to trace someone who uses a mobile golem indoors. In order to integrate range-based 

sensors (i.e., infrared or ultrasonic badge detectors) and ID sensors, the Author has used a 

particulate filter in an overly networked sensor environment. As a result, the approach of each of 

these sensors is capable of tracking people and confirming their identity. The fusion of video and 
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compass knowledge, which are inherited in the anchor node, is another technique. This technique 

calculates the location of the anchor node using a digital compass (magnetometer), a camera 

image and therefore actual knowledge about location of a few donating objects located within the 

geographical range of preparation, e.g. solitary trees, electric transmission towers, chamber 

shoes, etc.. Due to its low value, this technique is particularly suitable for WSNs based on video 

or multimedia wherever the nodes that already have digital compasses can only become anchor 

node or the GPS receiver is not considered to be a valid reply at all times. The author has 

developed a hybrid WSN tracking system consisting of the coarse grain tracking system and a 

finely-grained tracking system. The gross grain positioning system uses the wireless signal 

strength because of the distance reference and gets the rough zone because of the unknown node. 

The fine grain location system accounts for the refining of the location, which images locate the 

unknown node with camera detector nodes. Therefore, entirely different kinds of info-fusion 

improve AN accuracy, often at the value of extra complexity. For example, the fusion of 

knowledge with different RF sensors increases location accuracy, because entirely different 

positions can be complementary.   

 

4.4 Comparative Performance of Centralized and Distributed Localization 

Algorithms 

Many points of view compare centralized and distributed algorithms and accuracy, deployment 

and process quality as well as energy capacity estimations. The algorithms of distributed 

localization are considered to be very computationally economical compared with the centralized 

algorithms and can easily be implemented in a very large WSN dimension. However, wherever 

centralized information assortment design already exists, such as health observance, agriculture 

compliance with precision, compliance with atmosphere, road control network etc. In connected 

network varieties measuring knowledge must be centralized and processed from the node of the 

individual sensing element. In a network of these kinds, the process capability for reducing 

energy is limited for individual sensing element nodes; localization-connected knowledge is 

supported with different knowledge of observance and retention to the central process node. 

Consequently, in such things a centralized process rule is quite convenient than an existing 

centralized designed distributed rule. While the accuracy of localization algorithms is taken into 

account, centralized algorithms provide many correct estimation results as distributed algorithms. 
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One of the main reasons for this is the worldwide reading of the network from central 

algorithms.  

However, central algorithms suffer from quantification problems and do not suit the giant sensor 

element network to the slightest extent. Various inconveniences of centralized algorithms 

compared to distributing algorithms are their higher complexity of processes and irresponsibility 

because of the wrong accumulated information (the knowledge loss might occur through multi 

hop). In contrast, while the quality of styles is considered, distributed algorithms are more stylish 

than centralized algorithms due to the quality of native and world behavior. That is, an open 

analytical drawback is a distributed rule that works regionally optimally may not be equally 

optimal globally. Error spreading to different nodes in the distance estimation between sensing 

element nodes further impairs the estimation accuracy of the distributed rule. In order to achieve 

a stable resolution, distributed algorithms require a variety of iterations. This may take longer 

than in certain applications for a localization rule. In terms of the power consumption attitude, 

power required for certain types of operation (processing, transport and receiving) within the 

particular hardware and the transmission configuration should be considered in centralized and 

distributed algorithms, which depend on the setting, as the energy required to transmit a bit can 

be used according to the 1000–2000 approach.  

The node of connected input through multi hops is transmitted to the central node by centralized 

algorithms, while the distributed algorithms only need a local knowledge exchange between 

single hops (between neighboring nodes). However, a number of such information exchanges are 

necessary between sensor element nodes in distributed algorithms to achieve a stable resolution. 

A comparative analysis of the energy performance of centralized and distributed algorithms was 

made when the author concluded that the amount of iteration needed to reach a stable resolution 

does not exceed the hops of electrical equipment in distributed algorithms and then distributed 

algorithms are very energy-efficient compared with centralized algorithms. Any algorithms 

distributed will be centralized. In order to make sure enough applications are designed, 

distributed versions can also be centralized algorithms. A common way to plan distributed 

versions of centralized algorithms would be to split the overall Network space into small areas, 

wherever centralized algorithms are applied in any area, and thus collect the space effect from all 
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areas through the overlap sensor nodes. These algorithms might provide an optimal balance 

between the merits and demerits of centralized and distributed algorithms. 
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Chapter 5 

 

Localization Based Applications  

 

5.1 Localization Based Applications 

Positioning and navigation for mobile devices may be rising market with expected size of 4 

billion dollar in 2018. A reliable, user-friendly and correct position for mobile users in 

navigation could open the door to a number of promising applications and thus create new 

business possibilities. It is thus estimated to be a cornerstone in the realization of the vision of 

the web of things (IoT). 

 

Location based services:  

Location-based services provide end-users with space information via wireless networks and/or 

the Internet. Applications offering location-based services can provide the context and 

connectivity required to dynamically link a user's position to context-sensitive information about 

current environments. Location-based services send data to a mobile user by knowing the 

geographic location. This service is therefore very important both indoor and outdoor 

environments. Indoor applications with location-based services, for example, can provide 

security information, up-to-date cinemas, events or nearby concerts. In addition, this type of 

application includes a navigation application that directs the user to the point of interest. Services 

based on location are also used for advertising, billing and personal navigation to guide trade 

show guests to the target booth. It can also be used at the bus or railway stations to guide 

passengers to the platform they want. 

 

Ambient assisted living (AAL) and health applications:  

The location of indoors is one of the most important components of the AAL instruments. AAL 

instruments are advanced tools that perform interactions between people and machines. AAL 

instruments are designed to improve the health status of older adults by enabling them to control 

their health conditions. Such applications are used to monitor and track elderly persons. Some of 

the AAL-based indoor location systems are “Smart Floor Technology “to detect people's 

presence and “Passive Infrared Sensors “to notice people's movement. Other applications are 
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based on UWB technology. For example, computer-aided orthopedic surgery and its integration 

with intelligent surgical tools, such as a wireless probe for real-time bone morphology, are 

implemented. The UWB positioning system has proven to achieve a dynamic accuracy of 5.24 

mm–6.37 mm in real time3D. This dynamic precision therefore implies the possibility of 

millimeter precision. This precision meets the 1 mm-2 mm 3D precision requirement for 

orthopedic surgical navigation systems. 

 

Robotics:  

Robotics is one of the most localization applications. A number of research and development 

square measurements have been carried out for the implementation of multi-robot systems. The 

movement of robots in giant indoor environments where cooperation is needed between them 

could be an essential application of localization. Cooperation between golem groups, for 

example, increases the mission results in applications such as police investigation, unknown zone 

exploration, guidance or maintenance of property. The project Omnipresent Artificial 

Intelligence Networking in Urban Settings (URUS) is a superb example of the evacuation 

victimization location in emergencies, wherever the robots lead the people to the evacuation 

space. In addition, barriers to shunning and dynamic and cinematic constraints measure artificial 

intelligence in order to achieve a complete navigation system. 

 

Cellular Networks:  

Location information can be used to address many cellular network challenges. The precision of 

the location estimate in several generations of cellular networks is gradually improved. For 

example, the accuracy of cell ID location technology in second-generation cell networks is 

improved from hundreds to tens of meters. In the third generation, the accuracy is improved by 

timing via a synchronization signal and a reference signal is used in the fourth generation for 

location purposes. In addition, localization technologies can be used by numerous devices in the 

future cellular system of the fifth generation to achieve location estimation accuracy in the range 

of centimeters. In the fifth generation of cellular networks, precise location information is 

expected to be used through all layers of the communication protocol stack. This is because most 

cellular user terminals of the fifth generation in their mobility patterns are predicted to be 

connected to fixed or controllable units or people. Last but not least, localization in cyber-
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physical systems, such as smart transport systems and robotics in the fifth generation of cellular 

systems, is also necessary for several jobs. 

 

5.2 Evaluation Criteria for Localization  

Evaluating the performance of the location rule is essential for researchers either to validate a 

brand new rule against the previous state of the art or to select a location rule that best suits the 

needs of the corresponding state of the art. Since completely different applications can have 

different requirements, it is necessary for the investigator to decide which performance criteria or 

analysis metrics the square measure of the location rule should be compared to alternative 

algorithms that match completely different applications. A broader set of square measurement 

criteria for analysis helps both developers and users of the localization algorithms to deeply 

perceive the applicable requirements. Samples of square analysis metrics measure the accuracy 

of the location, cost, coverage, robustness, quantification, topology, etc. These criteria reflect 

restrictions such as process complexity and limitations, electricity consumption, cost and 

network quantification. Some square analysis criteria measure binary in nature, such as some 

algorithms have either some property or no, e.g. primarily anchor-based} or anchor-free; vary or 

vary free; self-configuration or not; etc. For researchers, binary criteria can be used to slim down 

the comparative analysis of the associated rule against others. As an example, the comparative 

analysis will be slimmed down by planning self-configuration and varying the free localization 

rule by directly limiting the amount of comparison to mostly vary-based solutions.  

 

5.2.1 Accuracy 

The accuracy is defined by how well the position estimated by the location algorithm 

corresponds to the known position of the ground truth. The match should be as close as possible 

to a good location algorithm. Positional accuracy, however, is not the only overriding objective 

of a good location algorithm. Various applications will have different requirements for their 

position accuracy solution. The granularity of the position accuracy required depends on the 

distance between the nodes. If the internode distance is 100 m in order, a positional error of 1 m 

may be tolerated. However, if the internode distance is in the order of 0.5 m, the error of 1 m is 

extremely unacceptable. It is also important to measure how well an algorithm for location 

achieves good accuracy without a complete set of input data. For example, some algorithms, 
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such as measurements from each node to each other node, achieve a stable estimation for the 

location algorithm. Given the realities of deployment environments, this assumption is 

completely unrealistic. Evaluation should show how measurement noise, bias or uncorrelated 

error affects the performance of the algorithms in the input data. The number of sensor nodes 

that can be located should also be determined. Errors in measuring data are important for those 

algorithms which work for 2D and which also work for 3D. Because measuring noise in 3D 

environment can lead to flips and reflections of the estimated sensor node coordinates. The 

easiest way to calculate precision is to calculate the residual error between the estimated 

positions and the actual positions for each sensor node in the network, sum it up and average the 

result. This is known as mean absolute error and is defined as 

 

 

Where, (xi, yi, zi) are actual coordinates and (x˜i, y˜i, z˜i) are estimated coordinates of the sensor 

node. The total number of sensor nodes in the network is nether mean average error has the 

similarity to the root mean square (rms) error [14], which is defined as 

 

It is also essential for the accuracy metric to reflect not only the positional error in terms of the 

distance, but also in terms of the geometry of the network. If only average node position error is 

used, then there is a huge difference in the correctness of the relative geometry of the network 

estimated by the localization algorithm and the relative geometry of the actual network. This 

problem was identified by and is addressed by defining the following metric known as global 

energy ratio. 

 

The distance error between the estimated distance (dˆij) and the known distance (dij) is 

normalized by the known distance (dij), making the error a percentage of the known distance. 
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The GER metric does not reflect the rms error and is addressed by defining an accuracy metric 

that better reflects the rms error called global distance error (GDE). 

 

 

 

 

Where, R represents the average radio range of a sensor node. The GDE calculates the 

localization error represented as a percentage of the average distance nodes can communicate 

over. 

 

5.2.2 Cost  

The cost is defined as the cost of the algorithm in terms of power consumption, overhead 

communication, pre-deployment setup (i.e. how many anchor nodes are required), the time 

required to locate a sensor node, etc. An algorithm that can minimize several cost constraints is 

likely to be desirable if the primary goal is to maximize network life. However, costs are an 

important tradeoff against accuracy and are often motivated by the requirement for realistic 

applications. For example, an algorithm can concentrate on minimizing overhead communication 

and complex processing to save power, fast convergence and so on, but at the cost of overall 

precision. Some of the common measurements are outlined below: 

 

Anchor to Node Ratio 

Minimizing the number of anchors is desirable from the point of view of equipment costs or 

deployment. For example, the use of too many network anchor nodes that estimate their positions 

by means of a global positioning system must be equipped with a GPS device that is both power-

hungry and expensive, thus limiting the overall life of the network. Similarly, predefined anchor 

positions are difficult to implement if a vehicle (e.g. from the airplane) places the nodes 

(including the anchor nodes). The node-to-node anchor ratio is defined as the total number of 

anchor nodes divided by the total number of nodes. This ratio is very important for the location 

algorithm design. This metric is useful in calculating the balance between the accuracy of the 

location, the percentage of nodes that can be located against the cost of deployment. Increasing 

the number of anchor nodes, for example, results in high accuracy and the percentage of the 
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nodes that can be located. The deployment costs, however, will increase. A good location 

algorithm must examine the minimum number of anchor nodes required for the application's 

desired accuracy. 

  

Communication Overhead 

Since radio communication is considered to be the most power consuming process in relation to 

the overall power consumption of a wireless sensor node, minimizing overhead communication 

is a key factor in increasing the overall network life. This metric is evaluated with regard to the 

scaling of the network, i.e. how much does the overhead communication increase as the network 

increases in size?  

 

Algorithm Complexity 

The algorithmic complexity can be described as the standard notion of computer complexity in 

time and space (big O notation). This is how long a location algorithm runs before estimating the 

positions of all the nodes in the network and how much memory (storage) is required for such 

calculations. For example, as the network size increases, the O (n3) complexity location 

algorithm will take longer to converge than an O (n2) complexity algorithm. The same applies to 

spatial complexity 

 

Convergence Time: 

Convergence time is defined as the time taken from the collection of data related to the location 

to the calculation of the position estimates of all nodes in the system. This metric is assessed 

against the size of the network. That is, how long a localization algorithm takes to converge as 

the network grows in size. This metric is also important for certain applications with fixed 

network nodes. Tracking a moving target, for instance, requires rapid convergence. In this 

scenario, even if any particular location algorithm which gives very precise position estimates 

but takes a long time is useless. Similarly, if one or more nodes are mobile in a network, when 

the algorithm is slow, the time taken to update positions may not reflect the current physical 

condition of the network. 

 

 



©Daffodil International University  34 
 

5.2.3 Coverage 

Coverage is simply a measurement of the percentage of nodes that can be located on the 

network, regardless of the location accuracy. Some location algorithms may not be able to locate 

all the network nodes. This depends on the density of the nodes and on the placement in the 

network of the anchor nodes. In evaluating the coverage performance of localization algorithms, 

different scenarios / strategies of anchor locations as well as different node densities must be 

tested. One can assess how the location accuracy varies depending on the number of anchor 

nodes, the location of anchor nodes or the neighbor per node. There is a point of saturation, after 

which no further precision gains can be achieved. However, in an attempt to reduce or 

completely remove the number of anchor nodes, a location algorithm can compromise its 

accuracy and simplicity. Algorithms of anchor-free location are often centralized and framed as a 

non-linear problem of optimization [14]. Because of computational complexity, these approaches 

may not be feasible in a resource restriction node. 

 

Density 

If the node deployment density is low, it may not be possible to locate many nodes for a location 

algorithm with random topology due to the connectivity problem. The location algorithm 

focusing on denser networks should also take care of radio traffic, the number of packet 

collisions and the energy consumption of the nodes, as these factors increase as the number of 

nodes increases. 

 

Anchor Placement 

The location of anchor nodes can have a significant effect on the location accuracy calculation. 

The assumption of a uniform grid or predefined placement of anchor nodes gives the location 

algorithms high accuracy but failed to reflect the real situation in the world. This assumption is 

therefore unrealistic for any localization algorithms because they do not take account of 

environmental factors such as obstacles (that affect anchor positioning), terrain, conditions for 

signal propagation, etc. The geometry of the anchor nodes in relation to the unlocked sensor 

nodes can vary in the calculation of the position estimates.  
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5.2.4 Topologies 

When comparing the performance of the localization algorithms, defining real node deployment 

topologies in simulations can play an important role. Various topologies, such as uniform grids, 

C-shape, S-shape, O-shape topologies, have a significant impact on the precision of the location. 

The topologies of the sensor network can be divided into two main categories: even and random. 

Sensors and anchor nodes are placed in an exact grid in even topologies over the network area. 

On the other hand, sensor and anchor nodes are placed uniformly and randomly over the network 

area in random topologies. Figure 6.1 shows node deployment in a random topology with a 

sensor density of 10 m 10 m 8. The random topology better reflects the real world deployment 

scenarios between these two topologies. This is because sensor nodes are actually placed in areas 

where manual placement is limited (in the forest) or completely impossible (in the volcano 

inside). In such cases, sensor nodes are usually dispersed from an airplane in the deployment 

area. Uniform deployment is therefore not guaranteed. For these reasons, random topologies are 

often used by researchers to evaluate the localization algorithm in simulation and comparison 

with other arts.                     

 

 

 

 

 

 

 

 

 

 

 

Fig 5.1: Random uniform topology. 

 

Topologies may be further subdivided into regular and irregular topologies according to the 

placement strategies of sensor nodes as well as the shape of the obstacles inside the network 

area. 
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Regular Topology 

In regular topology, the unit of nodes is placed uniformly or indiscriminately over a part as a 

grid. In such a ready strategy, the common node density is consistent across all parts of the space 

distributed. Several well-known multi-hop location algorithms estimate the shortest path distance 

(number of hops increased by the common hop distance) between detector nodes by using this 

preparedness strategy advantage and derive the geometric distance from it to estimate the 

detector node position. This provides terribly correct estimates of position or the minimum price. 

This assumption of normal topologies, however, does not replicate the important condition of the 

world due to numerous factors which prohibit the preparation of detector nodes and therefore 

does not work the least. 

 

Irregular Topology 

The calculable distance between nodes in irregular topology varies greatly from the particular 

geometric distance due to the presence of obstacles or alternative objects in the network space. 

The node density in a personal region could differ significantly from the common node density 

in the entire region. Based on the size and shape of the obstacles within the network space, their 

regular topologies are C-shaped, S-shaped, L-shaped, and O-shaped etc. As shown in Figures 6.2 

and 6.3, they represent irregular ready configurations that may be restricted by several 

applications.                     

 

 

 

 

 

 

 

 

 

 

 

Fig 5.2: Irregular Topology: O-shape. 
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Therefore, square topologies usually help to check and stress the various attributes of localization 

algorithms to be robust. Note that in Figures 3 and 4, 2 nodes are connected through a detoured 

path around the obstacles and the distinction between the calculable hop distance and the actual 

geometric distance is therefore massive. Individual errors in location algorithms could therefore 

accumulate, leading to a massive location error in the overall network. Obviously, a correct 

localization formula leads to square measurements of these topologies, which are thought to be 

very robust and helpful in several applications worldwide. 

              

 

           

 

 

 

 

 

 

 

Fig 5.3: Irregular Topology: C-shape. 
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Chapter 6 

 

Simulation and Results 

 

  

Fig 6.1: Nodes distribution in wide area 

We took about 100 nodes for simulating over this wide area. We have shown the average 

location error and coverage of improve DV-Hop for these nodes. 

Our enhanced DV-Hop procedure is much better than the DV-Hop algorithm, as the simulation 

results in Fig 6.2 and Fig 6.3 show. The position error decreases with increasing anchor node 

ratio. For the same ratio of anchor nodes, our improved DV-Hop system uses the same WSNs as 

the DV-Hop procedure and thus reduces the position error. For example, the better-quality DV-

Hop has an average error of approximately 75% R with 5 anchor nodes (5%). The average DV-

Hop error is around 84% R, respectively. 
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Fig 6.2: Location error in wide area 

From Fig 6.4, our better-quality DV-Hop procedure will make sure the position coverage is 

better-quality. For example, the better-quality DV-Hop procedure reaches a 100 percent 

coverage with 10 anchor nodes (10 percent). The locating of anchor nodes effects the DV-Hop 

procedure shows in Fig 6.3 and Fig 6.4. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.3: Location coverage in wide area 
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In the same anchor placement, it can also be stated that major developments are made in the 

positioning accuracy and location coverage. The results of the simulation show that the 

additional anchor nodes are placed regularly, the lower the mistake. 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.4 Average localization error graph with sensor density = 15 

The efficiency of our improved DV-Hop program exceeds from our simulation results the unique 

DV-Hop location procedure. 

 

 

 

 

 

 

 

 

 

Fig 6.5: Average localization error graph with sensor density = 16  
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Chapter 7 

 

Performance and analysis 

 

7.1 Comparison between different techniques   

Numerous factor factors such as precision, communication and price of computing, coverage 

data, process model, node density and measurability are key to the performance of the 

localization rule. Specific measures such as: the presence of the anchor, process model, presence 

of GPS and varying measurements can be classified in localization schemes. All location 

methods have their own merits and limitations and are suitable for different applications. In this 

document, we conducted a thorough examination of and comparison of many localization 

methods. Then the comparison in table type is summarized. Table 1 summarizes the comparison 

between centralized and distributed location.  

 

Table 1: Summary of comparison between Centralized Techniques and 

Distributed Techniques 

 Centralized  

Techniques 

Distributed Techniques 

Cost More Less 

Power consumption More Less 

Accuracy 70-75% 75-90% 

Dependency on 

additional hardware  

No Yes 

Deploy ability Hard Easy 

 

The outline of the comparison between varying schemes is however largely based on different 

free schemes. Then we tend to focus on a number of different techniques of free localization. 

Table 3 provides a summary of the comparison of different free range localizer schemes. 
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Table 2: Summary of comparison between Ranges based Techniques and 

Range free Techniques 

 Range  based Techniques Range free Techniques 

Cost More Less 

Power consumption More Less 

Accuracy 85-95% 70-75% 

Dependency on 

additional hardware  

Yes No 

Deploy ability Hard Easy 

 

Table 3: Performance summary of popular range free localization techniques 

Technique Node 

density  

Cost Accuracy Overhead Scalability 

APIT >16 Low Good Small Yes 

DV-Hop >8 Medium Good Largest No 

Multi-Hop >12 High Good Large No 

Centroid >0 Low Fair Smallest Yes 

Gradient >6 Low Average Large Yes 

 

7.2 Analysis of dv-hop performance  

Traditional DV-Hop positioning algorithm is widely used in wireless sensor networks because of 

its simplicity, low cost but its positioning accuracy is low. We have done our simulation for a 

wide area that contained about 100 nodes. In the fig 7.1 is shown the comparison of average 

location errors between dv-hop and improved dv-hop. 
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Fig 7.1 Location error comparison between dv-hop and improved dv-hop 

When hop is 1, it does maximum impact on node localization. The number of hops is to be 

classified in this paper by the improved DV-Hop algorithm, which makes it more close to the 

actual jump values. It is a kind of applicable localization algorithm to meet the limits of cost and 

energy of nodes in wireless sensor networks. We also analyzed the coverage area of dv-hop 

nodes. In the fig 7.2 is shown the comparison of coverage between dv-hop and improved dv-hop. 
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Fig 7.2 Comparison of the Coverage of nodes between dv-hop and improved dv-hop 
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Chapter 8 

 

8.1 Conclusion 

The localization of the wireless sensor network is gaining much attention from the community of 

analysis. With the proliferation of detector network applications, this concern is expected to 

grow further. This paper reviewed various free localization techniques and their corresponding 

detector network localization algorithms. The taxonomy of localization techniques was 

mentioned during this paper. During this work, we tendency to compare and represent the 

different location techniques in the table type. This article reports the classification of algorithms 

of distributed localization concerning the idea of differing measurements. This comparative US 

analysis among all the schemes studied shows that each formula has its own options and none is 

totally the best. Overall, varying techniques are predominantly costly or subject to dynamic 

network. Different free techniques are, however, general and just node density. Despite the 

important development of the analysis in this area, there are some unresolved problems. At the 

end of the day we tend to address the binding problems. This article is very helpful in 

developing, modifying and enhancing the localization algorithm of wireless detector networks in 

the analysis cluster. 

 

8.2 Future Study 

In this section we tend to summarize completely different localization views and challenges that 

need to be addressed by ourselves. In various potential applications, the challenges are also 

completely different. The network dimensions in these applications are small or enormous, and 

so the atmosphere is completely different. For various applications with various environmental 

challenges, old location ways do not seem appropriate. Some challenges that must be resolved 

are as follows: 

 Combining different non-radio frequency techniques 

 Integration of different solution 

 Scalability  

 Computational complexity 

 Accuracy vs. cost effectiveness 
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