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ABSTRACT 
 

 

 

Universal algorithm approach is very a unique and 
quite useful. It can be used for most of the localization 

problems. A number of research studies have been 

taken to evaluate the different algorithms. The literature 
review and surveys are the key sources to get the 

resultant algorithm. This thesis addresses different kind 

of localization problems and provides a universal 
solution for these problems.  

 

I have done a very important literature review and 

some industry based surveys. The result of surveys and 
literature review was a bit same, so it was quite easy to 

find solution for those similar problems. The idea 

behind this universal solution is very simple. I chose 
two algorithms which were quite useful in the 

localization and merge. The resultant algorithm proves 

more useful than other two algorithms. 

 
The author finds it very healthy and useful 

algorithm. Moreover, there is need to improve some 

aspects. There is need to implement this algorithm 
practically. Some sort of professional skills are required 

to make this algorithm worthy. 

 
Keywords: localization problems, sensor network, 

survey, DV-Hop, mobile beacon. 
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1 INTRODUCTION 
 

Wireless sensor networks (WSN) have a great importance in different areas. If the 

word is divided into its parts, the definition of a wireless sensor network is apparent. It 

is a wireless network which consists of different kinds of sensors that plays a key role 
in the network. Wireless sensor networks have been the part of different monitoring 

and controlled applications. There are lots of practical examples of wireless sensor 

networks such as, grassland vegetation monitors and plantation fireproof monitors. 
Wireless sensor networks are very useful for security issues, traffic management, 

temperature changes and pollutant levels monitoring [1]. The sensors which are used 

in wireless sensor networks are low cost and multi-functional. Localization, 
deployment and coverage are essential subjects in wireless sensor networks. 

Localization is one of the important issues, because it is the fundament of many 

applications [2]. In the applications, sensor nodes have to be aware of their positions to 

be able to specify a certain event takes place [1]. Therefore, the problem of localizing 
the sensors is of paramount importance for many applications of sensor network. It has 

been a problem of localization to find the sensor [3]. Using single localization 

approach to find the location of sensor may not be most efficient way. As technology 
advances, a number of localization approaches has been developed specially for sensor 

networks.  

 

The structure of thesis divided into a number of chapters. Chapter 1 is about the 
background, and provides a brief history of wireless sensor networks. Chapter 2 shows 

the importance of wireless sensor networks and their usage. Wireless sensor networks 

have been used for military applications. The definition and objectives of the thesis is 
discussed in chapter 3. The main objective of this research work is to provide a 

universal solution for the localization problems. Chapter 4 comprises of a fine 

description of methodology.  The author has used mix methodology in his research 
because both quantitative and qualitative data are part of this research. Chapter 5 

discusses the literature review and theoretical study. A list of algorithms has been 

discussed in this chapter. This chapter also discuses the problems, merits and demerits 

of different algorithms. Chapter 6 provides an essential description of universal 
algorithm. The flow chart of universal algorithm is also discussed in this chapter. The 

author combines the DV-hop and mobile beacon to achieve the universal solution for 

localization problems. Chapter 7 discusses the evaluation of universal algorithm. The 
simulation of DV-hop, mobile beacon and MB-DV-hop is part of this chapter. The 

simulation shows that average errors and average traffic is minimal in MB-DV-hop as 

compare to DV-hop and mobile beacon. Chapter 8 discuses the conclusions of whole 
research work. The simulation results show that the new method provides high 

localization precisions, low payload of traffic and high accuracy rate. This chapter 

shows that there are many things which could be helpful for the localization of 

wireless sensor network. The issue of security must be resolved in the future. Chapter 
9 provides a list of references.  
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2 BACKGROUND 
 

A wireless sensor network is a network which consists of different distributed 

devices with sensors. In the beginning, the wireless sensor network was designed for 

military applications. However, wireless sensor networks are now used in various 
applications. They are getting more and more popular and attracting new researchers. 

New advancements and amendments, consumer electronic, short and long range 

connectivity in sensor technologies are getting high significance in many areas of 
electronics applications. Wireless sensor network have a broad rang of application area 

like computer applications, communications, medical care, defense, military use and 

many more. The significance of wireless sensor networks increases with the increase 
of sensor nodes in the network. Most of the wireless sensor networks are based on 

sensor self positioning which depend on knowing the position of the network [1].  

 

In the study of wireless sensor network, the sensor is an important entity. The 
sensor is a device that measures a physical quantity and converts it in the form of 

signals. Without sensors, a sensor network can not perform at all. These advancements 

in sensor technologies have introduced wireless sensor networks.  
 

Localization is the issue of locating the geometrical position of the sensor node in 

the network. Such location is estimated relative to reference location. Cost, size and 

power are the constraints which make the localization algorithms to meet new 
challenges. Localization is important when there is an uncertainty of the exact location 

of some fixed or mobile devices. One example has been in the supervision of humidity 

and temperature in forests and/or fields, where thousands of sensors are deployed by a 
plane, giving the operator little or no possibility to influence the precise location of 

each node [2].  

 
The problem of localization is very important for many engineering field and have 

been researched for many years. The device whose location is to be estimated is called 

localization node, and the network entity with known location is called localization 

base station. Localization is usually carried out by measuring certain distance 
dependent parameters of wireless radio link between the localization node and 

different localization base stations. The parameters can be measured at the localization 

node or at the localization base station. The traveling time of a signal between the 
localization node and localization base station can easily be calculated. The time is 

proportional to the distance of them and it can be used as parameter of localization. It 

is referred to as time of arrival. There are many different algorithms to resolve these 
challenged, like DV hop, mobile beacon and area of angle. Every algorithm has its 

own merits and demerits. Some algorithms are best for accuracy and some for low 

cost, but it is difficult to get low cost and high accuracy at the same time from a single 

algorithm. There are two situations when this problem gets more critical; when there 
are too many nodes in network and when the environment is hazardous. No single 

method has yet been adapted for outdoor environments [4].  

 
Localization problem is an estimation of position of wireless sensor nodes and to 

coordinate with one another. Localization is a challenge which deals with wireless 

sensor nodes and it has been studied from many years. There are different solutions 

and they are evaluated according to cost and power consumption. Nodes can utilize a 
global positioning system, but this solution is typically very costly. Many researchers 

are focusing on designing different algorithm but paying less attention on range 

measurement inaccuracy [5]. 
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Many researchers have proposed a framework which allows many existing 

localization schemes. The system designer manages the order of execution of 

localization scheme and the condition in which they execute. The localization schemes 
can be shown in hierarchical structure according to some researchers. They propose 

that a run time system manages the coordination of neighboring nodes and their 

execution. Many researchers have worked on simulation to reduce 50% of localization 
errors. Some have worked on robustness and many more have provided the solution 

which allows system designers to choose an appropriate set for a particular 

deployment [6]. 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Hierarchical Frameworks 
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The figure shows that the localization protocols that are part of hierarchy are the 

protocols of available to the localization structure. This framework works in two 

phases. The objective of first phase (R-LP) is to get the highest accuracy possible. The 
objective of second phase (C-LP) is to estimate the locations of nodes for which the 

first phase was not successful. In the wireless sensor networks, most of the nodes do 

not have known locations in the context of localization. These nodes which don’t have 
defined locations are called blind nodes. Some researchers have designed algorithms 

which assume some nodes are located at a known position, called beacon or anchor 

nodes. The algorithms can be classified in two groups; beacon-free and beacon-based 

algorithm. In beacon-based algorithms, the percentage of beacon nodes as compare to 
blind nodes is generally very small. The location of beacon nodes can be determined 

by GPS, or other similar method. Many studies elaborate that beacon nodes enhance 

the performance of localization algorithm. If an algorithm collects localization related 
data from one station and executes it from the same station then it is called centralized, 

and if each node collects partial data and executes the algorithm, then the localization 

algorithm is distributed. Processor power consumption is an important factor which 
directly effects the lifetime of wireless sensor networks so it must be considered.  It is 

very important to minimize the complexity of localization algorithm [7]. 

 

 Many services are provided to users on the basis of location in wireless sensor 
networks. The role of location is very important in the wireless sensor networks. To 

access the data location is very important as the data itself. Location is also important 

for the upcoming areas such as ubiquitous computing, mobile services, network 
planning and sensor networks. [8] 

 

      There are different location techniques in which the most promising is GPS. GPS 

works in outdoor environments, but it requires reception of satellite signals. GPS 
receivers are also very costly as compared to laptops and sensor nodes.  

 

The widespread use of wireless networks in enterprise and commercial 
establishments has also improved. Wi-Fi is used as an underlying technology to 

estimate the location of the sensor nodes. Tags are used to store information in 

wireless sensor networks. The tags send updated location information to a central 
database, at the same time when the equipment is moved. Another area where a user is 

granted access to network resources is location based access control such as database 

access based on the wireless user [8]. 

 
Location based access control can also facilitate applications such as the 

interactive dance club where it is necessary to determine that users are a valid  

locations before allowing them to communicate with the system. Localization is an 
integral part of most sensor networks where the data collected is mapped to its 

originating physical location. For example consider Zebra Net, a sensor network which 

is used to monitor the migration of zebras. Here the sensor nodes were strapped on 
zebras to take periodic measurement of their location and relevant biometric data [8]. 
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3 PROBLEM DEFINITION/GOALS 
 

3.1 Problem definition 
 

There are many localization schemes for the localization of wireless sensor 
network. Since each algorithm was developed to fulfil a different goal, they vary 

widely in many parameters including accuracy, cost, size, configurability, security, and 

reliability [9] [10]. The node localization problem for wireless sensor networks has 
received considerable attention, driven by the need to obtain higher location accuracy 

without incurring a large per-node cost (monetary cost, power consumption and form 

factor). Despite the exports made, no system has emerged as a robust, practical, 
solution for the node localization problem in realistic, complex, outdoor environments 

[11]. One such challenge is how to accurately find the location of each sensor node, at 

a low cost. 

 
The node localization problem has received tremendous attention from the 

research community, thus emphasizing that it is an important problem and it’s hard to 

resolve this problem. Despite the attention the localization problem for wireless sensor 
networks has received no universally acceptable solution for realistic, outdoor, 

environments. There are many problems regarding the localization but accuracy and 

cost are more concerned. 
  

 

3.1.1  Accuracy 
 

Accuracy is very important in the localization of wireless sensor network. Higher 
accuracy is typically required in military installations, such as sensor network 

deployed for intrusion detection. However, for commercial networks which may use 

localization to send advertisements from neighboring shops, the required accuracy may 
not be lower. 

 

3.1.2 Cost  
 

Cost is a very challenging issue in the localization of wireless sensor network. 
There are very few algorithms which give low cost but those algorithms don’t give the 

high rate of accuracy.  

 

3.2 Aims and Objectives 
 

     The main objective is to provide a better solution algorithm for the localization 

problem in wireless sensor network with high accuracy and low cost. Some existing 

algorithms for localization will be analysed and propose a new approach that can be 
used in more situations.  
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3.3 Research Questions 
 

 The following issues will be addressed in this thesis.  

 

 How to develop a localization algorithm fulfilling the tight bounds of 

resources. 
 How to get high accuracy in localization of wireless sensor network. 

 How to approach the universal use of a single algorithm. 

 

The main intent of this research question is to find a better solution for 
minimization of cost in the localization of wireless sensor network. Accuracy in the 

localization of wireless of sensor network is the main issue.  

 

3.4 Goals 
 

The goal of this thesis is to provide a good solution for localization problems in the 
wireless sensor networks. The focus will mainly be on accuracy in the localization of 

wireless sensor network as well as low cost. Many of the existing algorithms will be 

evaluated to understand the problem. A survey of existing algorithms for localization 

in wireless sensor networks will be made, and be used as a basis to design an algorithm 
that can be used in many situations.  
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4 METHODOLOGY 
 

A research methodology is an activity to research, its process, to measure its 

progress, and describe the rules to follow to get success. Wireless sensor networks are 

a vital subject of research now days. Different methodologies have different schools 
which wage them according to their own standard.  

 

There are different methods which describe how to perform the research but there 
is no need to stick with them to get the desire goal of research.  

 

There is a lot of research approaches to conduct the research and we distinguish 
them in mainly three categories such as quantitative, qualitative and mix approach. 

 

4.1  Structured Approach- Quantitative Research 
 
 Quantitative method involves survey design, mathematical modeling, and 

experiments. A survey design provides the numeric or quantitative descriptions of the 

theory or hypothesis. The impact of treatment can be found in experiments on the 
outcome of the system. The concerned data for this scheme is collected in number or 

statistics format. The researchers tend to remain objectively separated from the subject 

matter [12]. 

4.2 Unstructured Approach – Qualitative Research 
 

Qualitative research is the one in which researcher gains the knowledge on the 

constructive or participatory perspectives or on both [12]. The data which is used in 
the qualitative research is rich, time consuming and less able to be generalized. 

Qualitative studies are tools used in understanding and describing the world of human 

experience. Qualitative studies aim to understand the social world from the viewpoint 
of respondent, through detailed descriptions of their symbolic and cognitive actions, 

and through the richness of meaning associated with observable behavior [12]. 

 

4.3 Qualitative and Quantitative Research Combined – 

Mixed     Approach 
 

Researcher uses qualitative and quantitative for different phases of study in mix 
methodology. Mixed method is a combination of quantitative and qualitative methods. 

Mixed research uses both deductive and inductive methods, obtains both quantitative 

and qualitative data, attempts to corroborate and complement findings, and takes a 
balanced approach to research. This approach is part of our research work. 
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5 THEORETICAL WORK 
 

The field of wireless sensor networks is getting more and more attention from 

researchers. It will become a main focus in most of the areas because of its uniqueness 

and vital significance of the location in wireless sensor network. The sensors have 
been deployed as a problem of location to find the physical positions [13]. The 

localization algorithm can be divided into two categories in respect of mechanisms for 

computing location of wireless nodes; range-based and range-free [14]. Range-based 
algorithm computes the location depending on the precise measurement of the point-

to-point distance or angle. Several mechanisms have been purposed to localize a node 

in this algorithm. It includes following popular method and algorithms, such as time of 
arrival (TOA), time difference of arrival (TDOA), angle of arrival (AOA), trilateration, 

triangulation and maximum likelihood estimation [15, 16]. This algorithm gathers 

range information for localization. Furthermore, infrared (IR), radio frequency (RF), or 

combination of these can be used to calculate the location of the sensors [17]. The 
combination of infrared and Radio frequency are used to calculate the location of the 

sensors [17]. The sensor provides information about the neighbouring node in the 

AOA algorithm. There are two methods which are commonly used by AOA algorithm 
to find the sensor nodes in a wireless sensor network. It estimates the TOA differences 

among sensors in one method and a second method estimates the ratio among received 

signal strength (RSS). The AOA uses two directional antennas to find the RSS ratio in 

second method. The Cramer-Rao Bound (CRB) gives a neutral location estimation 
using the AOA, TOA and RSS. Every node tries to detect the signals and calculates the 

TOA of signal in this scheme. Ultra wide band (UWB) can be used for measuring the 

TOA and RSS Wireless [18].   This sort of algorithm is generally based on radio and 
radio range [19]. Its vulnerability by the environments influences the location accuracy 

of the wireless nodes and produces some additional errors. Because the signal could be 

attenuated and multi-path reflected, range-free localization methods such as DV-hop 
are being pursued to achieve a cost-effective solution. The range-free algorithm 

measures point-to-point distance in hops for calculating the location. It also includes 

following popular methods; centroid, approximate point–in-triangle test (APIT) 

coordinate, DV-hop, amorphous [19,20,21,22]. 
 

It is not necessary to find out the distance or angle information measurement for 

localization in range-base methods. Range-free methods are less accurate than range-
base scheme [23]. There are a large number of range-based algorithms that have been 

using for the estimation of location of the nodes, for example maximum likelihood 

estimation, ad-hoc algorithm, multidimensional scaling (MDS), amorphous, and APIT 
algorithms [25].   The centroid algorithm is simple but it needs too many anchors [24]. 

Each sensor node performs many APT tests to find out the position of an unknown 

node which exist inside the triangle. A new localization approach named virtual anchor 

node-based localization algorithm (VANLA) path scheme to upgrade special unknown 
nodes as the virtual anchor nodes with high accuracy, so as to help the remainder 

unknown to be localized. The DV-hop algorithm have some advantages in localization 

as one of the range-free algorithm, it does not require the specific metrical information 
and can calculate the location of the wireless nodes with the effect of the environment. 

It still needs to compute the location of itself according to average distance per for an 

unknown node that is only one hop away from anchor. Meanwhile, the DV-hop 

algorithm depends on the topology of the network to a great extent. It works well only 
on the isotropic network. It will put more stress on some nodes which have to support 

more traffic on anisotropic networks [21]. 
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5.1  Types of localization schemes 
 

There are many types of localization schemes. Every scheme has great importance 
in localization of wireless sensor networks. The concept of localization can be 

achieved by an independent network. Going back a few years, it is known that 

RADAR was the only technology which was sensor based. Today, however, there are 
many technologies which could be example of wireless sensor based technologies. The 

position of telephone can be found out with the help of GPS in cellular networks. The 

algorithmic techniques of localization have already been discussed, but it is also 
necessary to discuss the terminology. The localization method requires physical layer 

and a physical parameter that varies with distance. The location of a wireless device 

(LN) can be found out on the basis of measured values of the physical parameter. The 

lookup table is used for the storage of relationship between the physical parameter 
values and the various locations in the deployment site.  

 

5.1.1  The Physical Layer 
 

The physical layer contains the basic hardware transmission technologies of the 
network. It is a fundamental layer underlying the logical data structures of the higher 

level functions in a network [28]. The physical layer works with different kind of layer 

specifications such as transmission power level, bandwidth, operating frequency, 
modulation technique and antenna diversity. Its performance directly depends on the 

frequency spectrum, over which the localization scheme is deployed. There are many 

localization techniques which have been based on this kind of physical spectrum such 
as, infrared (IR), ultrasound (US) and radio frequency (RF). The frequency spectrum 

could be same with different physical layer specifications and in the end achieve 

different localization performances. The Bluetooth and 802.11 standards device are a 

real time example of this statement which have same industrial scientific and medical 
band (ISM) but different physical layer parameters such as transmission power and 

modulation techniques. The performance of Bluetooth is a little bit better than that of 

802.11 because of the lower transmission power of Bluetooth which limits the 
transmission range. The operating frequency plays a very important role in describing 

the localization characteristics and is considered for the objective of classification in 

this paper. The relationship between frequency and time is 
 

                   (f) =1/Time Period (T). 

Which states that frequency is inversely proportional to the time. The frequency 

increases as time decreases. The equation shows that TAO will have higher accuracy 

localization with higher frequencies. 
 

Infrared light has been a very effective localization technique. The infrared light 

was, however, limited for line of sight transmission. The receiver receives the ID 
packets and then transmits them to a central server and then maps the location of 

wireless device on the room. The localization schemes which are based on infrared 

light have lower accuracy and these are affected by sunlight. Infrared light can not be 

used for large deployment areas, so its use is very minimal for localization. Infrared 
does not give high accuracy. It does not work properly in sunlight. It is not useful for 

larger areas. 

 
Localization can also be performed with ultrasound. The signals of ultrasound can 

propagate through the walls. The TOA can be easily measured using existing cheap 

devices, and can generally achieve more robust localization. The LN uses TOA of 
ultrasound signals from various LBS to find out its location. As RF travels much faster 
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than US, an RF signal is used by LBS to indicate the start of US transmission in 

Cricket. An LN measures the time difference between the reception of RF and US 

signals from LBS. This difference is the TOA for US signals from LBS to LN. Using 
the LBS location information (broadcasted in the initial RF transmission), LN 

estimates its location using US TOA from different LBS. 

 
Radio frequency plays a very important role in most of the communication 

networks. Because the integrated location estimation systems are cheaper than their 

specific counterparts, localization based on this underlying radio frequency technology 

of communication network, lowers deployment cost. The radio frequency localization 
uses time of arrival. The real time example is GPS. The time of arrival scheme for 

radio frequency signals requires precision time resolution which increases hardware 

cost. It should be noted that as higher frequencies are used, most surfaces act as 
reflectors and multipath effect predominates. The TOA technique based radio 

frequency is used for large areas. 

 

5.2  Area of Deployment 
 

There are different localization schemes for wireless networks of different 

deployment area. This is all because of the differences in network topology, number of 
users, and available resources for such networks. The localization can be classified 

depending on the deployment area and type of wireless network in three different 

types. 
 

 

5.2.1 Wide Area Localization (WAL) 
 

This technique is used for outdoor deployment. Wide area localization is long 
range localization and there is problem of power but it is also a more expensive. It is 

used for the localization in cellular networks. GPS can be used for this purpose most of 

the time, but sometimes the cellular network infrastructure can also be used [30]. Some 
carriers have adopted TOA as the localization technique for the E911 requirement in 

cellular networks.  The TOA of the cellular phone signal can also be recorded, and 

localization can be performed from reading from at least three base stations. LBS are 
the base stations and LN is the cellular phone. There are two types of schemes which 

can increase the accuracy, multiple and hybrid. The correction signals are transmitted 

by cellular base stations in assisted GPS (AGPS), to aid GPS localization of the GPS 

enabled phone. The estimated location may be reported back to the base station and is 
shown to have higher accuracy compared to normal GPS. If there is an indoor 

environment or non line of sight, the accuracy is lower. It is very hard to maintain the 

accuracy of localization throughout the entire deployment site in this case. 
 

5.2.2 Local Area Localization 
 

Local area localization is used for indoor implementations. The use of this 

technique is on a very small scale so because of this reason it is very cheap. It covers 
small area as compare to wide area networks. The local area localization can also be 

used in WLAN. The wireless access points work as LBS while devices such as laptops 

and PDA are the LN. The GPS cannot be used because it is a indoor deployment. 
Localization is usually carried out based on a distance varying parameter, such as 

received signal strength. This technique is not robust in complex, indoor environments 

due to multipath and movement of people environment. 
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5.2.3 Ad- hoc Localization 
 

These types of networks are heterogeneous and more power constrained. There are 
some algorithmic requirements for these kinds of networks. The consumption is very 

low in this type of localization scheme. Low cost can be obtained for communication. 

The nodes can be located with respect to location of reference nodes, also known as 

anchor nodes in wireless sensor networks, the anchor nodes could be movable or static. 
 

5.3  Measurement Parameter 
 
Measurement parameters are used to calculate the location of a wireless device 

(LN) by measuring a location dependent parameter of the radio link between the LN 

and multiple LBS. There are different localization techniques which use different 
parameters. The AOA depends on the orientation but rests of other parameters do not 

depend on the orientation but those parameters depend on distance. The task of the 

parameter is to find out the distance or orientation between the LN and various LBS. 

This is further used to estimate location of LN using different location estimation 
techniques.  

 

5.3.1 Signal Strength 
 
The signal strength (SS) can be used in both indoor and outdoor environments, and 

SS relates to distance as  

 

                   SS α 1/d 

The equation shows that the SS is inversely proportional to d. The SS is measured 
by monitoring the received signals from a wireless interface connected to a client 

device like a laptop or PDA. The SS is mostly used for low-cost simple localization 

and sometimes, it can be used for local area localization. In local area localization 
technique, LN measures the SS at various locations with respect to multiple LBS to 

make the LLT during training phase. During subsequent visit of LN at the location, 

current SS readings are compared with the values in LLT to estimate LN’s current 
location. This is not suitable technique for WAH and AHL because of dynamics of 

outdoor environment along with low received SS values [32]. 

 

5.3.2 Time of Arrival 
 
The time of arrival is the time of a packet from transmitter to receiver.  The time 

can be calculated as  

 
TOA = d/v 

 

 

where v is the velocity of the wireless signal, and d is distance. A high-resolution clock 
is needed to measure the TOA accurately for high propagation speeds. For example, a 

clock resolution of 1 microsecond would limit the distance resolution to approximately 

300 m for RF transmissions, or 343 micrometer for US. A US based TOA schemes are 
preferred for LAL and AHL than RF based TOA schemes due to the cost of such a 

high resolution clock. For example, a GPS receiver (LN) estimates distance using 

TOA estimates from different satellites (LBS). Note that LN is in tight time 
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synchronization with the satellites. The exact location of each satellite is also 

broadcasted. The location of LN is then estimated using multilateration. This 

parameter is more robust in a multipath environment, since it estimates time based on 
the shortest received path. Note that time of arrival may require correct time 

synchronization between the transmitter and receiver. This technique cannot be used in 

return time of flight. The receiver retransmits the signal back to transmitter in this 
case. The transmitter can then calculate the TOA as half the delay between its 

transmitted and received signal. The TDOA considers the difference in time of the 

signal received at different LBSs. The LBSs have to be time synchronized with each 

other. This parameter is preferred in an asymmetric network such as WAL, where LBS 
are highly practical.  

 

5.3.3 Connectivity 
 
The main theme of connectivity shows that LN is within the transmission range of 

LBS. The connectivity is given by 

 

Cnn = Id < dmax 
 

The indictor function is I and its value is 1 when x is true and otherwise it will be 0. 

The dmax is the transmission range which may not be circular in practical 
environment. This can be seen from the measured indoor transmission boundary with 

100mW and 1mW transmission power but the measured outdoor transmission 

boundary is relatively circular. The location of the LN can be found out with the help 
of its connectivity to LBS by finding the region where the transmission range of these 

LBS overlaps. The whole process requires a very processing and communication but it 

is difficult to get the high accuracy rate as compared to other localization techniques. 

This method is quite useful for ad-hoc sensor networks but this technique can also be 
used for secure localization [33]. 

 

5.3.4 Angle of Arrival 
 
Angle of arrival is used to find out the location of any wireless device. Thus the 

location of the wireless device may be estimated based on the angle of arrival 

measurements from different LBSs. There is one problem that AOA measurement is 

strongly affected by multipath. This technique is much better than the others. It is very 
useful for outdoor environment. This parameter gives the output in low cost but 

accuracy level is low. It is ideal for cellular phone base stations. 

5.4 Location Lookup Table 
 

The location lookup table is used for the validation of input values by comparing 

against a list of valid (or invalid) items in an array. There is no proper definition of the 
deviation of a physical parameter such as SS with distance in a practical environment. 

In the end, the final map is stored in a lookup table. Measured based, agent based and 

model based are the three types of location look up table. 

 
 

5.4.1 Measurement Based 
 

There are many different ways to develop a location look up table but there is only 
one way which is commonly used. The parameters are measured at different sites 
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within the deployment side, and are then assigned to the parameter at the remaining 

locations. These kinds of maps have been built for several kinds of indoor localization 

schemes. Much time can be saved in whole process and location lookup table can 
easily be updated with the help of these time variations. This process of updating may 

increase the cost of whole process. The time variation can also be accommodated 

using environmental profiling. In this case, the SS LLT for different environmental 
conditions (such as peak hours, nights etc) is measured. Using fixed reference 

measurements, an appropriate LLT may be chosen for current localization process. 

 

5.4.2  Agent Based 
 
There are different kinds of techniques for the updation of location look up table in 

low cost. Agents can be used to build a lookup table in these schemes. This is 

deployed at different locations and then lookup table can be generated from the study 
of these agents. The cost would be high in the beginning but declines later on [34].  

 

5.4.3 Model Based 
 

There is another way to create the location lookup table without the measurement 
of any parameter. No measurements are necessary in this technique but an analytical 

model defining parameter variation with distance is needed. The TOA can be used to 

analytically calculate the distance between LN and LBS. The model parameters may 
be estimated empirically for a specific deployment site. There are indoor path loss 

models which can be used to estimate the SS based LLT for indoor WLAN 

deployments.  

 

5.5  Estimation Technique 
 

Estimation technique is used for the estimation of location of LN on the basis of 
current values of parameter and location look up table. Many measurements of the 

parameter has to be made at fixed location to find out the variations in the time. The 

physical location in LLT having parameter values close to the current measured values 
is chosen as the current location of LN using an estimation technique.  

 

5.5.1  Deterministic Estimation 
 

The mean and the median operators are used for deterministic estimation, which 
are known and important statistical parameters. The distance of the LN from four non-

linear LBS for two or three dimensional localization is needed, and the distance can be 

obtained from various LBS. The real time problem has been converted into a 
geometrical problem. The location of the LN would be the intersection of two circles if 

the transmission is circular. The results of intersection would be in shaded areas 

instead of in single point because of some practical measurement errors in distance 

estimates. An error free method must be used, or the smallest polygon and average of 
K-nearest neighbors can be used in order to reduce this estimated region and obtain 

better resolution.  If three LBS are used in multilateration then it is called trilateration, 

because of angle measurements. 
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5.5.2 Probabilistic Estimation 
 

 This estimation is based on calculations.  The calculation shows that each of the 

distributions is unique. So the location of LN on the basis of distribution of parameter 
at different locations can easily found. The probabilistic estimation technique can be 

used in these kinds of situations. A histogram can be used to find out the probability 

distribution function of signal strength on every location [35]. 

 

5.6 Localizing Entity 
 

5.6.1 Network 
 
 The main objective of this scheme is to find out the location of the LN. The whole 

process includes the measurement of parameters of localization by measuring them for 

the signals from the LN at several LBS. The TAO of the LN packets at different LBS 
can be measured, and the location of the LN can be found with the help of measured 

values. The location of LBS can be determined on the network. This is also useful for 

those purposes where security is considered an important issue. For example, TOA of 

LN packets can be measured at various LBS. The location of the LN can be 
determined based on these measured values and the location of the LBS known by the 

network. In the end, the client networks are important schemes for localization. The 

network and client may assist each other to improve the accuracy of localization for a 
case with limited privacy and security concerns [36]. 

 

5.6.2 Client 
 

There are many definitions of client but most popular definition of client is that a 
client is an application or system that accesses a remote service on another computer 

system. The client finds its location by monitoring signals from different LBS. The 

LBS sends packet with its location in this mechanism just like a beaconing device 
which may send out time stamped packets along with its location. The measurement of 

parameter for localization is done by the LN. It is very easy to find out the locations 

with the help of these measurements and knowledge of all LBS locations. This scheme 

is useful in that kind of environment where privacy is considered an important issue. 
 

5.7 Security Consideration 
 

5.7.1 Secure scheme 
 

Security is used in the localization for the safety and protection of the system. 

Security is getting more and more popularity in the area of sensor networks. This 
scheme can be used for military purposes. This scheme is a bit expensive as compare 

to other schemes. A large quantity of energy and bandwidth is required for this 

scheme. The concepts of encryption and random number are used in this scheme.  

 

5.7.2   Open scheme 
 

Open is a scheme which is used for the open systems. The devices can easily send 

their locations to the different locations in this scheme. This scheme does not prevent 
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the system from attacks. There is some kind of possibility of attacks in this scheme. 

The attackers can also disturb the localization. An attacker can use the fake LBS. The 

exact location can not be accessed  with the help of fake or unreal me LBS. 
 

 

5.8  Algorithmic techniques for localization of wireless 

sensor network 
 

There are many algorithms which have been used for localization of wireless 
sensor networks and still are in use. Every algorithm has some merits and some 

demerits and every algorithm has its own worth and importance. In this chapter, some 

existing algorithms and techniques will be discussed for the comprehension of 

problems of these algorithms. The main types of algorithms that will be discussed are 
DV-hop, mobile beacon. 

 

5.8.1  DV-hop algorithm for localization 
 
DV-hop algorithm is useful in the localization of wireless sensor network [37]. 

The algorithm is composed of three main steps. 

 

1. Information of position at each node 
2. Estimation of distance for one hop 

3. Estimation of position  

 
The first step of the algorithm is the flooding of the position of sources through the 

network. Each node and sources record their hop-distance with other sources in the 

network. It is a very important phase of DV-hop algorithm. Sources try to find out the 
average length of one node and this process is called hop correction [38]. The other 

nodes wait for the first correction. It broadcast this information to the other nodes after 

accepting this. Now, the nodes do not need to wait any more and it directly goes to 

next step. In the last step, the nodes try to find out their position according to number 
of hops recorded for each source and to the hop correction. 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

Figure 5.1 structure of DV-Hop algorithm  
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Figure 5.1 shows a brief structure of DV-hop algorithm. Landmarks are shown by 
alphabets k1, k2 and k3. The actual distance is also mentioned. The landmarks 

calculates the average distance of each hop after broadcasting beacons including their 

position information and each node knows the hop distances from itself to all 
landmarks. The landmark calculates the average distance of each hop. The landmark of 

k1, k2, k3 are given as 

 

k1: (100+40)/ (6+2) =17.5.  

k2: (40+75)/ (2+5) =16.42.  
k3: (75+100)/ (6+5) =15.90. 

 

The average distances can be used to correct the position. The node A is getting its 

direction from k2 as shown in the figure. The distances can be obtained as 

 

A-k1: 3*16.42; 
A-K2: 2*16.42; 

A-k3 : 3*16.42; 

 
The accuracy of this algorithm is very low because the average distance per hop is 

a rough estimation and it’s hard to find out exactly accurate distance between the hops. 

Accuracy of this algorithm varies with the accuracy of distances between the hops. 
The node A gets the direction from the given landmarks but the problem is that there 

are three different landmarks. So it means that the node A will get three different 

distances from its own actual position and in the mean time, it is getting three different 

coordinates which is more ambiguous. The concept of beacon nodes can be used to 
solve this problem. A node which locates itself is called beacon node. More than three 

beacon nodes are needed to overcome this problem. The beacon nodes are broadcasted 

from main center to the outer edges in this process. The problems of positioning can be 
controlled with help of the broadcasting of these beacon nodes. This algorithm works 

properly when shapes are same or shapes are regular but it does not work for irregular 

shapes. This is the biggest drawback of this algorithm. There are many problems 
which need to be resolved. The solution of these problems is available in the improved 

DV-Hop algorithm. DV-hop algorithm is invalid for irregular shapes. The accuracy 

level is very low, and it is difficult to find out the actual distance between the hops. 

 

5.9 Mobile Beacon algorithm for localization 
 

This approach has been proposed in the field of sensor networks as an interesting 
alternative for centralized approaches. The concept of beacon node is very common in 

this algorithm. A node which knows its location is called beacon node. The mobile 

beacon assists the unknown nodes in localizing themselves after the sensor node has 
been deployed. It could be a human, machine a plane or other vehicle [39]. 
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Figure 5.2 mobile beacon trajectories 

 
                                              

The beacon trajectory and distribution of sensor nodes is shown in figure 5.2. The 

position of sensor can be calculated with help of beacon node. This algorithm is useful 
in different ways. Accuracy level is bit higher than DV-hop algorithm and location can 

easily be found out. This algorithm is expensive than other algorithms because of 

global positioning system. It is difficult to find the location of all the nodes in mobile 

beacon algorithm. 
 

 

 
 

Deployment area 

Mobile beacon trajectory 

Unknown nodes 

Mobile beacon  
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6 EMPIRICAL STUDY/CASE 
 

 

The main focus of this thesis is to find deficiencies of various existing algorithms 

for localization of sensor in a wireless sensors network and try to find a better solution 
for them by making an analysis of the existing algorithms. Some surveys and 

interviews were conducted among in the industry after completing the literature 

reviews. In the beginning, the surveys aimed towards Swedish companies working 
with wireless sensor network, but the response was low. The aim changed towards 

companies in Pakistan, where the response was satisfactory.   

 

6.1  Survey and Questionnaire 
 

The main objective of the survey is to collect the information from different 

companies and make a decision on the basis of that information. The survey also gives 
a description about the processes used in the collection of data. 

 

Questionnaire is a different from the survey. A series of questions is used to gather 
the information in the questionnaire. The survey can not be conducted without the help 

of a questionnaire. A series of questions is needed to conduct a survey. It means that 

the survey is dependent on the questionnaire. The questionnaire served a great 
importance in the collection of statistical data. 

 

The success of the survey depends on the collected data. If the data is correct and 

relevant true then survey is successful. So it is very necessary to plan a survey to 
gather correct and relevant information from the people or the companies.  

 

In the beginning many companies were contacted, but only a few responded. All 
companies are working with wireless sensor networks. The survey was conducted both 

as a written questionnaire and by telephone. 

 

The selection of the organization must be on the basis of the main motive. If the 
organization is working in the same area of research then that organization is useful, 

and data and information can be shared.  

 
The following questions were asked: 

 

1. What kind of algorithmic technique you are using in your company for the 
localization of wireless sensor networks? 

 

2. Are you satisfied with that algorithm? 

 
3. Are you facing any kind of problem using that algorithm? 

 

4. If yes then tell me what are those problems? 
 

5. Does your algorithm save the time for completing the task? 

 
6. Is your algorithm cost effective? 

 

7. Does your algorithm help you to be more effective and productive? 
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8. Does your algorithm provide the entire outcome according to your expectations? 

 
9. Are you planning to continue with this algorithm in the future? 

 

6.2  Interview Findings 
 

The interviews and surveys of the industry turned out satisfactory. All the different 

companies replied with similar answers. The first company was using the DV-hop 
algorithm. They were satisfied with it and were facing very few problems. Although 

accurate, it is cost effective. The important issue was the cost effectiveness, and the 

DV-hop was more effective and productive. They intend to change the algorithm, and 

is looking for a more suitable alternative.  
 

The second company was using the mobile beacon algorithm. They are not 

satisfied with it, as there are some deficiencies, and it is not cost effective. Some times 
results were not so accurate. It takes more time while completing or processing a task. 

So it doesn’t save any particular time during the processing. They were planning to 

change this algorithm for something more effective.  

 
The third company were using DV-hop, but had recently switched to improved 

DV-hop. The algorithm had not been used much, but the result was positive, although 

the algorithm was a bit expensive. They intend to continue to use this algorithm in the 
future.  It was a great experience to conduct the surveys. The interviews were the most 

interesting part of the surveys which gave different answers from the companies.  

 

 

 

 

 



  25 

7 UNIVERSAL ALGORITHM 
 

The problems, drawbacks, merits and demerits of the different algorithms have 

been presented from both a literature review and a survey. Ultimately, a universal 

algorithm will resolve all the problems faced by practical implementation. The 
algorithm proposed in this thesis aims to resolve the localization problem in wireless 

sensor networks with high accuracy, but without incurring a large per-node cost. There 

are many disadvantages of range-based methods. One of them is that range-based 
methods are dependent on the measurement errors and the influence of the 

environments [38]. The advantages of the range-free methods, such as DV-Hop, are 

the simplicity and the independents on the range measurement errors [37]. However, 
the range-free location algorithm only obtains the high precision in ideal scenes. The 

distance estimated error and the dependent on topology can also be complemented 

through the range-based method in DV-hop networks.  

 
 The positioning of wireless nodes is performed combining the two types of 

methods, to incorporate the advantages of the range-free and range-based methods and 

reduce the positioning error to improve the effectiveness and efficiency of the position 
algorithm.  

 

The proposed method introduces a mobile beacon into the DV-hop method to 

incorporate the range-based and range-free methods, so as to enhance the advantage 
and reduce the disadvantage for each other. The mobile beacon based DV-hop 

localization algorithm (MB-DV-hop) implements with a single mobile beacon 

traversing the whole region deploying with the wireless sensor nodes. The mobile 
beacon is positioning the unknown nodes through the trilateration methods. The whole 

location process is shown. 

 

7.1 Combination of DV-Hop and Mobile beacon  
 

 There are three stages of the DV-hop technique. The stage states that the position 

information is cumulating at each node by flooding the packet through the whole 
network. All the nodes obtain the least hops between itself in this way and the each 

landmark through the classical distance vector exchange method. Every landmark 

estimate the average distance for one hop in the second stage and then deploys to the 
neighbor nodes as a correction through the controlled flooding. Ultimately, each node 

gets the location based on the correction and the hops between the landmarks obtained 

before they can calculate their location by trilateration method.  
 

An unknown node can locate itself by the trilateration method. Most of the range-

based method mostly depends on the measurement accuracy and requirement for the 

hardware. Just as the example of the DV-hop, the unknown node gets the correction 
from the landmark k1, k2 and k3 individually. Furthermore, at the original position, 

there should be more than three beacon nodes. When the unknown nodes locate itself, 

it become the beacon node, so it spreads in the way like the wave from the center to 
the edge. Therefore, in this way, the positioning errors are cumulated and exaggerated 

as the spreading of the beacons from the center to the edges. DV-hop works 

ineffectively and inefficiently when the networks are anisotropic and graph is not same 
in all directions.  
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Figure 7.1 the flowchart of the algorithm MB-DV-Hop 
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All the unknown nodes are deployed randomly in the area with a single mobile 

beacon traversing the region according to the trajectory in the original environment. 
First, the mobile beacon periodically broadcasts the packets with the position 

information across the whole area. The nodes in the range of the broadcast check 

whether they have continuously received more than three different packets with the 
position information of the beacon nodes. If they do have continuously received the 

different packets, they can compute the distances and obtain coordinate through the 

trilateration method. In this way, during the mobile beacon’s movement, some 

unknown nodes can locate themselves to be a static beacon. Then they can play 
landmark’s role in the DV-hop method. In the second stage, while the mobile beacon 

cruising across the area, the unknown nodes employ the classical distance vector 

exchange to get the distances in hops to the static beacon, but do not concern the 
distance in hops to the mobile beacon. This is very important. They conduct the 

operation in the first stage of DV-hop method. In the third stage, the static beacons 

work as the landmarks in the DV-hop method after they are out of the range of the 
mobile beacon. This algorithm set a threshold value which is used to agitate the DV-

hop algorithm to locate the wireless nodes. The threshold value is determined by the 

number of static beacons. When the threshold value is get the maximum or the mobile 

beacon has been traversing for a circle, the static beacon can work as the landmarks to 
conduct the DV-hop algorithm to estimate the distance in hops, compute the average 

size for one hop, finally, position the unknown nodes in the wireless sensor network.  

 
The variable “r_continuous” identifies whether the unknown node receives the 

packets continuously. The variable “nr_continous” is the flag identifies the unknown 

node do not receives the packet continuously in the flowchart of the algorithm MB-

DV-hop. The variable “count” identifies the number of effective packets that the 
unknown node has received.  

 

The proposed algorithm is designed to solve the problems existing in the DV-hop 
method and the range-based method. The main improvements are in the following 

categories. First, the mobile beacon broadcasts the position information while cruising 

in the region. Meanwhile the effective unknown nodes in the range of the beacon can 
locate themselves through the trilateration method. In this way, as the mobile beacon 

moves, they can generate the new static beacon to provide the position information. 

The accumulation and exaggeration of the errors in the DV-hop will not be part of this 

method. Because it undergoes a calibration phase and does not spread the position 
information as the waves in the DV-hop algorithm. Second, DV-hop only works well 

in the isotropic network. Even though the network will be anisotropic when using the 

MB-DV-hop method to location, changing the topology is not necessary, because 
simply change the trajectory of the mobile beacon, the problem will be solved in a 

simple way. Third, this algorithm is the incorporation of the range-based method and 

the range-free method, so the measurement errors can be calibrated by the agitated 
DV-hop method. For the sake of the flexibility, this algorithm introduces a threshold 

value to control the chance agitating the DV-hop method. Thus, it is easy for the 

algorithm to transform among the different ways. 

 

7.2  Cost and accuracy 
 

The cost is one of the most important factors for commercial deployments. There 
are two main kinds of costs for the localization. The proposed universal algorithm will 

decrease the both of the costs. It can decrease the initial cost with help of already 

existed network. The main focus of this algorithm would be cost. It may be attractive 
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to cover the localization scheme over an existing network. The universal algorithm 

will use this idea. It can decrease the initial cost with the help of a already existed 

network. The universal algorithm could be very helpful to get the required accuracy. 
The selection of specific scheme for accuracy always affects the cost and other factors.  
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8 EVALUATION   
 

The evaluation defines an inspection simulation experiment where our algorithm 

will be evaluated and some important performances will be estimated. The purpose of 

the evaluation is to create a virtual environment which imitates the real environment to 
conduct the experiment. In this environment, the proposed algorithm is evaluated and 

performance is compared to the DV-hop method. The evaluation is running using 

MATLAB. The data is collected from repeated simulations.  The first step studies the 
DV-hop wireless sensor network. In the second step, the proposed method is evaluated 

under the same settings. A performance comparison is then made between the 

algorithm implemented and the traditional DV-Hop method to the simulation result. 
There are two main attributes to evaluate; average position error, and average 

communication traffic. In the simulations, the unknown nodes are deployed randomly 

in a region of 100 by 100 units.  The mobile beacon traverses the sensor network along 

the routine for the sake of precision and simplicity while broadcasting beacon packets. 
Obviously, this trajectory is not always optimal, but it is at least good enough to cover 

the simulation and get the anticipated results. How the trajectory impacts the 

performance of the localization is in [38]. The fluctuation in radio range is randomly 
distributed in [R...], where R=30.  

  

8.1 DV-hop simulation  
 

The distributed unknown nodes is 20 in the given simulation environment. Choose 

the number of randomly deployed beacons as the independent variable and its range is 

from 3 to 10. Then simulation result of DV-hop is shown. Table 8.1 illustrates that the 
nodes’ position computed out through DV-hop method have deviated from the actual 

position value completely. Meanwhile, it also shows that more beacons do not mean 

the more accuracy. Because of the random deployment of the beacons, the result 
values are different in each simulation. However, it can disclose the drawback of the 

traditional DV-hop algorithm, depending on the topology and the error of the 

correction value used to calibrating the distance for one hop. 

 

 

Table 8.1 Average position errors and traffic of DV-hop 

 

 

 

                           

 

 

 

 
 

 

 
 

 

 
 

Number of beacons Average Traffic Error Intervals 

3 18.87 3.0724 

4 26.29 1.6703 

5 32.52 1.5776 

6 41.00 0.6304 

7 50.70 0.7688 

8 55.57 0.7015 

9 62.07 1.1222 

10 70.60 1.1381 
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8.2  Mobile beacon simulation 
 

The simulation of mobile beacon is similar to DV-hop algorithm. The distributed 
unknown node is 20. Choose the number of randomly deployed beacons as the 

independent variable and its range is from 3 to 10. Then simulation result of mobile 

beacon is show in Table 8.2. The computed algorithm shows that the values are 
different from the actual values. If the value of the node is different then the position 

of the node would be completely different. The result also shows that there are many 

errors in this evaluation. These errors will affect the accuracy of the algorithm.  
 

 

Table 8.2 Average position errors and traffic of the Mobile beacon 

  

Number of beacons Average traffic Error Intervals 

3 19.07 4.0153 

4 28.27 1.9061 

5 35.11 2.1342 

6 44.21 1.0012 

7 61.23 0.9105 

8 67.11 1.0623 

9 69.05 1.5122 

10 73.90 1.6424 

  

 

 

8.3  MB-DV-Hop simulation  
 

The DV-hop performance depends on the network topology to a great extent [37]. 

The setting is illustrated in table 6.3. Because of the trajectory of the mobile beacon is 
in Figure 3, when the mobile beacon finishes the traversing the whole region, all the 

beacon will form a relative isotropic topology. The regular placements of the beacons 

reduce the errors effects on the algorithm performance. Seven homogeneous distributer 
beacons are used for the DV-hop. The unknown nodes are randomly increasing from 

the 20 to 100 at the simulation area. The results are shown in the in Figure 8.1. 

 

+ 
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Figure 8.1 the performance evaluation of MB-DV-Hop 

 
 

            Table 8.3 Average position errors and traffic of the MB-DV –Hop 
 

No. of beacons Average traffic Error intervals 

3 20 0.29 

4 40 0.31 

5 60 0.35 

6 80 0.33 

 

As shown in figure 8.1, under the simulation environment, the peak of average 

position error in fluctuate sharply, it keep a low and steady level all the time. The 

fluctuation in the DV-hop method is caused by the random deployment of the 
unknown nodes which form an anisotropic network. By contrasting the differences of 

the two cases, it can be concluded that the depending on the topology can be solved to 

some degree through introducing the single mobile beacon. In this way, the position 
error can be reduced and the stability also gets improved. As show in Figure 6, under 

the simulation environment, the average traffic in DV-hop is increasing steadily as the 

increasing of the node density. While in the MB-DV-hop, it keeps the low and steady 

level all the time.  
 

8.4  Node density 
 
 An ad-hoc mobile network consists of a large number of nodes. These nodes 

move over wireless channels and have an exclusive capability of transmission at 

different power levels. The node density increases as the rate of node movement 
increases. Furthermore, the number of unknown nodes is varied from 20 to 100 as 

mentioned in the graph. 
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8.5 Comparison between DV-hop and MB-DV-hop 
 

The simulation experiment is conducted to evaluate the evaluation focuses on the 
average position error and traffic. The results are showing in Figure 8.2 and Figure 8.3. 

 

 

 
 

                       Figure 8.2 Average position error of the method 

 

 
 

                    Figure 8.3 Average traffic of the method 
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        Figure 8.4 Error interval comparisons between DV-hop and Mobile beacon 

 
As shown in Figure 8.4, the peak of average position error in DV-hop is about 0.6, 

when the node density is 20 and 80. However, the MB-DV-hop dose not fluctuate 

sharply, it keep a low and steady level all the time. The fluctuation in the DV-hop 
method is caused by the random deployment of the unknown nodes which form an 

anisotropic network. By contrasting the differences of the two cases, it can be 

concluded that the dependence on the topology can be solved to some degree through 
introducing the single mobile beacon. In this way, the position error can be reduced 

and the stability also gets improved. As show in Figure 6, under the simulation 

environment, the average traffic in DV-hop is increasing steadily as the increasing of 
the node density, while in the MB-DV-hop, it keeps the low and steady level all the 

time. Furthermore, the result is based on the environment setting that DV-hop is using 

the seven static beacons. On the contrary, the MB-DV-hop is using only one mobile 

beacon.  
 

It can be concluded from simulation results that the MB-DV-hop is better than 

DV-hop in the aspects of average location error and average traffic. Under the lower 
communication consumption, the MB-DV-hop can get the better performance in 

localization at the aspects of the efficiency and the affectivity of the algorithm. MB-

DV-hop improves stability of the position algorithm. 
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9 EPILOGUE 

9.1 Conclusion  
 

The simulation results show that the new method provides high localization 

precisions, low payload of the traffic and high self adaptability. However, the 
requirement of the beacon is exigent and rigid. When the dimension of the wireless 

sensor network is very big, energy depletion leads the infectivity of the mobile beacon. 

 
      Two kinds of results were obtained. There is one kind of results which are coming 

from the literature reviews. Some of the results are coming from the surveys of the 

industry. There is not much difference between both of the results. Both results are 
similar. The literature review of all the algorithms shows that there are some merits 

and demerits of all the algorithms. Some localization schemes have fewer merits and 

greater demerits and some of them have less demerits and greater merits. These merits 

and demerits were the main source for proposing the idea of a universal algorithm. 
Surveys have been a real time and a practical source for the discovery of problems 

which are faced by the companies. There are some similarities between the outcome of 

surveys and the outcome of literature review. Those similarities show that the 
proposed algorithm may address these problems. The results of the literature show 

worth of the localization schemes. It shows the use of an algorithm, and it is very 

important to know about the usage of an algorithm. When focusing on the results it 
shows that some of the algorithms give the accuracy and some of them angle 

management and there are very rare algorithms which gives a low cost. The results 

from the surveys are similar to the results of literature review. The companies 

suggested that the accuracy is not exact, and accuracy is important.  
 

9.2 Future Work 
 
There are many things which could be helpful for the localization of wireless 

network. These localization problems are open challenges for the localization of 

wireless of sensor networks. Issues that need to be resolved in the future include, for 
example, how the trajectory of mobile beacon affects performance and how to define 

thresholds. If information about the location is known then the accuracy ratio can be 

increased. On the other hand the information of location can secure a network. It can 

minimize the access of an attacker in the network. The problems with homogeneous 
networks have been solved. 

 

Security is the one of most important issues in the localization of wireless sensor 
networks. It is difficult to develop the secured localization schemes. There are lots of 

attacks which could minimize the effects of localization schemes. 
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