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                                                 Abstract  

 

Development of wireless communication technology and widely use of wireless networks 

have made location-aware applications possible and necessary. Object positioning location is 

an essential element in many applications such as navigation, tracking, emergency service, 

location based services (LBS) and security. Position location refers to the functionality and 

events to estimate the location of a node of interest. Position location involve the coordinates 

of the node that may be in two or three dimensions, and contain information such as the 

latitude and longitude where the node is located. The positioning location ideally to be 

available everywhere, inside buildings, outside in the street, in the sea, etc. The positioning 

location of objects as well as of people is important. To keep track of objects positioning 

location can to assist improve safety and control logistics efficiently. As climate changes and 

irregular weather becomes more common, there will be an increased need to sense and 

monitor the environment.  

 

The difficulties in positioning location and tracking estimation has been tackled by many 

systems over the decades such as Loran-C and global positioning system (GPS). GPS is a 

main example of position location with high accuracy over long distance wireless links. 

However GPS shows weakness in non line-of-sight (NLOS) environment. Positioning 

location system is based on the calculation of particular factors of a received signal that 

facilitates the position location of a device to be inferred. The particular factors utilized 

measure the supporting requirements, performance restrictions and complexity of the solution. 

 

 New opportunities using positioning location technology are therefore expected to be 

considered by companies and institutions experiencing convergence in their areas of business, 

particularly mobile and fixed communications providers, map content owners, and the 

electronic tools market.   

 

This thesis presents an overview of existing positioning location solutions of nodes in 

different wireless communication systems. Applications of positioning of nodes are discussed 

and few examples are reviewed. The methods used to determine the positioning location of 

nodes with the aid of mathematical concepts are also explained.     
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                                                      Chapter 1 

 
Positioning Location in Wireless Networks  

 
 

1.1    Positioning systems classification 

A wireless positioning location system consists of at least two hardware components; a 

measuring unit that usually carries the main part of the system and a signal transmitter. The 

transmitter in the simplest case is just sends a beacon signals. Depending on the functionality 

of these components and their interaction a systematic classification of wireless position 

location systems can be made. The classification can mainly be categorized into three groups, 

handset-based positioning, network-based positioning, and hybrid-positioning system.   

 

1.1.1 Handset-based positioning System  

In this system, the handset uses signals generated from multiple reference stations to calculate 

its own position. GPS is an example of handset-based positioning system. Handsets with GPS 

receivers can estimate their position based on signals received from at least four satellites. The 

multiple transmitting satellites are in movement but their correct positions at the time of 

transmission is used by the node receiver to calculate its position [11].  

   

1.1.2 Network–based Positioning System  

Network-based location technology depends on current wireless networks to obtain 

information about user position. In these systems, several receiver stations measure the 

signals transmitted from wireless users and relay this information to a central site for 

processing to calculate the user‟s location. The cellular networks and Airborne Early Warning 

and Control System (AWACS) are examples of network-based positioning systems [16].   

 

The network-based system has the advantage of not requiring changes of hardware or 

software in the user‟s node. Hence, this solution can allow the positioning location of user‟s 

node in the operators system.   
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1.1.3 Hybrid-Positioning System 

A hybrid-positioning system merges both handset and network information to create the 

positioning location estimate. An example is the case where measurements are done by the 

handset and broadcasted to the network that executes the position location estimations. The 

hybrid system could possibly provide superior accuracy, but at the cost of complexity. The 

(A-GPS) is an example for the hybrid–positioning system [17]. This system has the advantage 

of reducing the problems that occur in other positioning location systems by providing 

assistance information from one system for use by the other system. This information enhance 

the position estimates of nodes. 

 

1.2    Global Positioning System (GPS) 

Satellite positioning system are global techniques that provide three dimension position 

location and velocity information in an exact, fast and continuous manner on the globe where 

satellite signals can be detected. The Global Positioning System (GPS) is a satellite-based 

navigation system that was developed by U.S. Department of Defense in the early 1970. In 

1978 the first GPS satellite was launched. In 1994 the primary system was completed with 24
 

satellites and 3
rd

 generation of GPS satellite was launched in late 2005. GPS provides 

continuous position and timing information, anywhere in the world under any weather 

conditions. GPS is a one-way-positioning location system. The user‟s devices of this system 

can measure their position by using the satellite signals [18].    

 

1.1.2 The segments of the GPS 

There are three segments in the GPS system, the space segment, user segment, and the control 

segment. These segments are shown in figure (1.1).  

 

The space segment: This segment contains the satellites of the system. GPS consists of a 

constellation of 24 satellites. This constellation is identified as the initial operational 

capability (IOC). To guarantee permanent worldwide coverage, GPS satellites are arranged so 

that four satellites are placed in each of the six orbital planes. With this arrangement, four to 

eleven GPS satellites maybe detected by the user‟s device anywhere in the world, 

simultaneously. The satellites need to be widely spaced in angle to minimize the mutual 
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interference through real-time measurement operations and to supply the needed geometric 

strength for high-precision positioning location.  

 

Practically, for the users only four satellites are needed to measure the position in three 

dimensions. The satellites have a period of 11 hours and 58 minutes, and a height of about 

20,163 km above Earth. Orbits are inclined at an angle of 55° with respect to the equatorial 

plane and have a nearly circular shape [18, 19]. Each GPS satellite transmits a signal which 

has a number of elements: two carrier frequencies, two digital codes, and a navigation 

message. The carriers and the codes are used principally to measure the distance from the 

node‟s receiver to the GPS satellites. The navigation message encloses the location of the 

satellites as a function of time. The transmitted signals are controlled by accurate atomic 

clocks used in the system.   

 

                              

User segment 

Control segment 

Space segment 

Monito
r s

tatio
n

User segment 

Control segment 

Space segment 

Monitor station

     

                                            Figure (1.1): The segments in the GPS. 

 

The control segment: This segment consists of three main components; the master control 

station, monitor stations, and ground antenna stations. Each monitor station has several GPS 

receivers, with atomic clocks that continuously track the observable GPS satellites. The 

calculations from each monitor station are time tagged and transmitted to the master control 

station. The master control station processes the received calculations to estimate the 

navigation data such as satellite orbits, clock errors, atmospheric data, and other satellite 
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operations components for each satellite. The master control station then calculates and 

updates the navigation message for each satellite and transmits it to the ground antenna 

stations which upload the navigation message to the GPS satellites. The navigation message is 

then transmitted with each satellite signal which in turn is collected by the GPS receivers. All 

monitor stations and ground stations are controlled remotely from the master control station.  

 

User segment: every device that has a GPS receiver to obtain the position information 

represents a user segment. The user segment has a large range of potential applications. The 

GPS receiver contains antenna, RF elements, electronic hardware, synchronization system, 

and software for different operations. There are many different receiver models available 

depending on applications. In military applications, the receiver is more accurate. Special 

GPS receivers can get high accuracy [19]. 

 

1.1.3 The positioning location technique in GPS 

The main goal of using GPS system is to find the position location of the user‟s devices. The 

principle behind GPS is the measurement of distance between satellites and the receiver 

device. The satellites send messages contain information about their exact orbits and the time 

when the message is sent beside other useful information. The receiver processes this 

information and measures time differences of these signals to obtain the position location. 

 

By using the Multilateration geometrical principle which considers that every satellite is a 

center of sphere. The radius of the sphere represents the distance between satellite and the 

receiver. To determine the position in three dimensions (3D) we need at least four satellites. 

The center of every sphere represents one satellite and the receiver lies on the surface of the 

sphere. The receiver device represents the intersection between four spheres surfaces which 

provides the position location of the receiver [9, 19].  

 

1.1.4 Deferential GPS 

Differential GPS (DGPS) is a method for minimizing the errors in GPS-derived position 

location by utilizing additional data from a reference GPS receiver at a known position. The 

most common type of DGPS engages determining the merged consequences of  navigation 

message and satellite clock errors at a reference station, and transmitting pseudo range 
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corrections in real-time to a user‟s receiver which supplies the corrections in the procedure of 

measuring its position.   

  

1.2 LORAN system 

LORAN is a long-range radio navigation system developed by the US Department of Defense 

(DoD) during world war II to provide accurate system for long range navigation. The system 

operates in low-frequency band (90-110 kHz) on a center carrier frequency of 100 kHz. Many 

countries around the world are using this system. Many types of the LORAN system were 

developed such as A, B, C, E and F. The current type is called enhanced-LORAN. The low 

frequency in this band has advantage that the propagating signals follow the Earth‟s surface as 

ground waves. The enhanced-LORAN system is designed to provide positioning location and 

ground speed information to users over large coverage area. 

 

The ground segment consists of several worldwide stations over large converge area that 

periodically transmit a set of pulses. Loran stations are arranged into chains. Each chain has 

one master station and two to five secondary stations. Each chain is distinguished by a 

distinctive group repetition interval (GRI), changeable from 50 to 100 ms. The master signal 

consists of nine pulses and the secondary signals consist of eight pulses sent a few 

microseconds later. Inside a given chain, each transmitter produces a group of pulses every 

GRI with suitable synchronization between master and secondary stations.  A station may be 

the master station for one chain and serve as a secondary station for another chain.  

  

The Loran-C positioning location principle is based on the hyperbolic method. A hyperbola is 

the locus of all points equidistant or a described ratio of distance, from both a point and a line. 

A hyperbolic curve is classified by a constant difference in space from two identified points. 

The Loran-C system user senses the received signals and calculates the difference in the time-

of-arrival technique (TDOA) between the pulses groups from the master station and each 

secondary station. For each pair of stations, master-secondary station, the computed time 

difference describes a hyperbolic line of position (LOP) for the user. The intersection of two 

lines of position identifies the user position location [34]. Figure (1.2) shows the LORAN 

system. In such state, two possible hyperbolas result from the same distance. The Loran-C 

receiver can find the difference between the master signal and the secondary signal.   
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Subsequently it can also calculate which of the two hyperbolas is accurate and remove the 

additional hyperbola. The final consequence is a single hyperbola.         

 

                                  

Control segment 

Monitor station
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Slave tower 
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Control system 

 

                                                  Figure (1.2): LORAN system.                         

 

The advantage of Loran-C system comes from its ability to supply continuous ground speed 

information, distance remaining information and time remaining information to users. With 

continuous position location information and ground speed information, it is simplified the 

mission for the unit to calculate distance remaining and time remaining to the destination [16, 

35]. 

 

Enhanced LORAN (eLORAN): This is the latest generation of the Loran navigation system. 

Enhanced Loran or eLORAN is a Loran system that incorporates the latest receiver, antenna, 

and transmission system technology to enable Loran to serve as a back-up to, and complement 

GPS for navigation and timing. This new technology provides substantially enhanced 

performance beyond what was possible with Loran-C. For example, it is now possible to 

obtain absolute accuracies of 8-20 meters using eLORAN for harbor entrance and approach. 

Similarly, eLORAN can function as an independent, highly accurate source of Universal 

Time Coordinated (UTC). 
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Enhanced Loran is the result of merging of two development streams: 1) the modernization of 

the Loran-C system and 2) the realization that satellite navigation has tangible vulnerabilities. 

The second point is especially important as many components of critical economic and safety 

infrastructure have come to depend profoundly on position navigation and timing (PNT) 

services currently provided by GPS and other satellite navigation systems.   

 

1.3 The positioning location in Cellular Networks 

The aspiration for improved mobile subscriber safety merged with growing awareness of the 

commercial prospects has created considerable interest in cellular positioning location 

technology. In 1996 in USA the Federal Communications Commission (FCC) issued a 

mandate to wireless service providers to grant that a mobile unit calling the emergency 

number 911 can be located with accuracy within 125 meters of its actual position in 67% of 

all calls, and 300 meters for 95% of calls in all cases. The European Union has been taking 

steps towards similar regulation for E-112.    

 

The major subject is to locate the mobile station (MS) with a required accuracy and restricted 

latency. The fundamental idea behind any MS positioning location system is to measure some 

key parameters extracted from wireless signals that are received at the mobile from several 

fixed reference points, such as BSs. According to the place in which the position location 

calculation is executed, these systems are referred to handset-based or network-based 

positioning system. In the network-based case, the measurements are made at the BSs and the 

collected information is relayed to a central site for processing to determine the position of 

MS [8].   

 

In the handset-based positioning location case, the MS senses the signals transmitted from 

multiple BSs to calculate its position. When the position information is used by the MS itself, 

handset-based location is most secure and the system does not use resources of the network, 

so network capacity is not affected. Enhanced observed time differences (E-OTD) system is 

an example of handset-based positioning system in cellular network. 
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1.3.2 Network-based position location in cellular network 

Network-based system uses technologies that calculate MS position only from measurements 

obtained at BSs, with no information provisions from the MS [13]. The key methods of a 

radio signals most usually utilized in radio location are: received signal strength (RSS), angle 

of arrival (AOA), time of arrival (TOA), time difference of arrival (TDOA), and 

fingerprinting. The TOA and RSS can be directly altered to the range measurement. The BSs 

are considered as reference points in the radio location technique and these BSs positions 

locations are already identified. 

 

The TOA method requires a firm synchronization between the clocks of transmitting BS and 

receiving MS. TDOA method does not require this restriction but their accuracy is related to 

the virtual geometric position of the BSs. The TOA and TDOA methods require at least three 

BSs for 2D positioning location. The AOA method can engage a minimum of two BSs but 

they are highly range dependent. A little error in the angle measurements results in a large 

position location error when the MS is far away from any BS of the network. The TOA and 

TDOA methods show better accuracy than AOA method.  

 

The network-based positioning location has the option of multiple BSs monitoring the MS 

signal through the traffic channel. These measurements, which are mainly of TOA are shared 

in a system usually called the location service center (LSC), which calculates the TDOA 

factors and executes the estimation with TOA or TDOA methods in the central site of the 

network. Figure (1.3) shows the positioning location method in cellular network. 

 

In TOA, TDOA, and AOA methods, two or more BSs are involved in the MS position 

process. In situations where the MS is much closer to one BS (serving site) than the other 

BSs, the accuracy of these methods can be degraded due to the relatively low SNR of the 

received MS signal at one or more BSs. The accuracy is further reduced if some type of 

power control is used, since this requires that the MS reduce its transmitted power when it 

approaches a BS [5, 12].  In these cases, an alternate data fusion procedure is used to obtain 

AOA estimates and combine them with TOA estimates. In real scenarios, the accuracy of 

TOA and AOA estimates is usually a function of the environment. For example, in rural 

areas, AOA measurements can be more accurate than TOA measurements if a large-size 
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antenna array is deployed. On the other hand, TOA measurements are more accurate than 

measurements if the BS antenna array is surrounded by many scatterers [12].    
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                     Figure (1.3): The positioning location method in cellular network.  

 

To reduce the number of BSs engage in position location estimation, a hybrid technique 

which combines TOA, TDOA and AOA methods is used to merge the range and the direction 

of the MS with respect to only home BS. For example, merging TDOA and AOA estimates 

can achieve high accuracy with small error conditions but they need measurements at four or 

more BSs for 3D positioning location.    

 

In order to perform communication, a MS is connected with a particular BS located in a 

network cell. The cell identity and location are known to the central site. This is called cell-

ID. The fundamental accuracy depends only on the dimensions of the cell but can be 

improved by the assistance one of other location methods. To guarantee the information from 

each MS user is broadcasted exactly at correct time a “timing advance” control system is 

utilized.  The BS calculated the timing advance in cellular network. The timing advance is the 

correction that the network makes to MS timing to account for the propagation delay. The 

accuracy of calculation to estimate the location of MS is enhanced when timing advance is 

combined with cell-ID. 

 

There are some important advantages of using a network-based system. The network has 

more calculations power than the MS so it can take benefit of positioning location methods 

that would not be practical at the MS. All the MSs can obtain positioning location services 
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without need for users to modify their device.  The system can start MS positioning location 

and tracking without intervention or action by the MS [36, 42]. 

  

1.3.3 Fingerprint method in the cellular network 

Fingerprint technique using existing wireless network infrastructure have been suggested for 

indoor areas or other places where GPS does not function properly. Such methods can offer 

value-added services for existing wireless networks. The fingerprinting method is 

comparatively simple to set up as compared to other techniques such as AOA and TOA. 

 

TOA and AOA techniques estimate the position location based on the triangulation and 

multilateration methods which need line-of-sight (LOS) between the transmitter and the 

receiver. In a multipath environment, the signal would be influenced by multipath effects and 

consequently the location accuracy would be decreased. The measurement of angle and time 

of arrivals of signals needs special hardware. Thus, the cost of the position location mission 

would be expensive. 

 

The fingerprint techniques overcome the problems mentioned above by using the received 

signal strength (RSS) at the modeling location to create a “Radio Map” for the node 

environment. The fingerprints of diverse positioning locations are stored in a database and 

compared to measured fingerprints at the existing position location of the nodes of interest 

[6]. 

 

There are two steps for fingerprint method: off-line step and on-line step. Off-line step is the 

training step, and at each specific position, the signal strength data is collected, in order to 

create a radio map for matching based on the relationship between signal strength and 

position during the on-line step. In the on-line step, the positioning location techniques 

compute the RSS in real-time and measure the estimated location coordinates based on 

information stored during the off-line step [20-22]. Figure (1.4) shows the fingerprinting 

method in cellular network. 
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                                  Figure (1.4): Cellular network-based fingerprinting.  

 

The radio-map must be updated frequently to accommodate new changes in the radio 

coverage area which leads to improved accuracy in the measurements. There are several 

algorithms such as K-nearest neighbor (K-NN) used within this method [7]. 

 

1.3.4 Assisted GPS in the Cellular Network 

The Assisted GPS or A-GPS method presumes the availability of a GPS receiver on the MS. 

In the basic GPS approach, the GPS receiver is responsible for obtaining all the timing and 

location parameters from the signals transmitted by the satellites. In many cellular 

environments, the received signals are either too noisy or too distorted by multipath fading to 

be reliably used for ranging operations. In the A-GPS method, these limitations are overcome 

by having the cellular service provider grant additional GPS information to the MS. This 

information is sent as additional message to the MS when is requested positioning location 

information. The additional message consists of a list of satellites within range of the MS, 

their Doppler offsets, and orbital parameters. The network itself can obtain this information 

by deploying a set of GPS receivers at designated reference points. The MS can then combine 

this network-provided information with its short snapshot of GPS data to accurately determine 

pseudo-range information which is related to the reference points. Figure (1.5) shows the A-

GPS method. 
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                                                     Figure (1.5): Assisted-GPS. 

 

A-GPS is also used to improve the performance within buildings where the GPS signals are 

too weak. By providing information to the GPS receiver in the MS it is able to correlate the 

signal being received from the satellite when the signal is low in strength. Using this 

technique it is possible to gain considerable increase in the accuracy of measuring the position 

locations of the MS [9, 17].  

 

1.3.5 Enhanced Observed Time Difference (E-OTD) 

The Enhanced Observed Time Difference (E-OTD) is another method to determine the 

position location of the user‟s mobile station (MS) in the cellular network.  It measures the 

TOA of signals from multiple base stations at the MS. The time difference between the signal 

arrivals from different base stations are utilized to conclude the user‟s position location with 

respect to the base stations provided that the base stations coordinates are known and they 

send time-synchronized signals. 

 

The base stations are equipped with GPS receiver for position determination and timing 

purposes. The base stations in E-OTD serve as reference points similar to GPS satellites. By 

using this method, the accuracy of positioning is enhanced and the MS does not require to 

have a clear view of at least four GPS satellites. E-OTD method requires more equipment at 

almost every base station, thus it increases the cost for the wireless service providers. 
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1.4 The position location in the WLAN 

The wireless local area network (WLAN) positioning location system is an indoor positioning 

system, which uses the WLAN infrastructure to determine the position location of the user. 

By using the existing WLAN infrastructure to estimate position location, several techniques 

are used for this purpose, such as AOA, TOA and RSS method. RSS method is relatively 

competitive in terms of both simplicity and cost compared to the other techniques.   

 

1.4.2 The positioning method in WLAN 

WLAN positioning location refers to the procedure of locating of mobile devices such as 

laptops or personal digital assistants (PDA) using a WLAN infrastructure. Positioning 

location is carried out by utilizing the dependency between the location of a mobile device 

(MD) and the signal transmitted between the MD and a set of WLAN access points.  

 

The RSS method is the feature of choice in WLAN positioning location systems since it can 

be achieved directly from network interface card (NIC) that exist in most laptops and PDA. 

This permits the execution of positioning location algorithms in the central site of existing 

WLAN components without the need for any extra hardware. Figure (1.6) shows the 

fingerprint method using RSS technique. 
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  Figure (1.6): Fingerprinting method using RSS technique in WLAN for indoor scenario.  
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With accuracy in the range of 1-5 meters WLAN positioning location systems can be utilized 

to calculate the positioning location information in two or three dimensions Cartesian 

coordinates with the third dimension corresponding to a floor number [5, 15]. 

 

Positioning location information can either be accounted relative to predefined general 

coordinate system such as Cartesian coordinate or representatively (e.g., room number, floor 

number). Positioning location may be executed by the WLAN infrastructures (network-based, 

remote positioning location) or by the MD (handset-based).  

 

Available WLAN positioning location techniques can be classified into model-based and 

fingerprinting methods based on how the RSS position dependence is calculated.  

  

Model-based method: This method aims to distinguish the RSS position dependence using 

theoretical models and factors that are estimated based on sequence data such as RSS 

measurements. The signal strength at a receiver decreases as distance from the transmitter 

increases. If the relationship between signal strength and distance is known, analytically, the 

distance between two terminals can be determined. When several APs and MD are involved, 

multilateration concept can be applied to determine the MD positioning location  

 

The model for RSS and the distance to an AP can be calculated by considering the fact that in 

real environment, in addition to the traveled distance, two additional factors contribute to 

differences in the propagation channel, large scale and small scale fading. Large scale fading 

is due to path loss and shadowing effects. Path loss is connected to decreasing of signal power 

through distance. Shadowing is a consequence of reflection, scattering, and absorption caused 

by obstructions that may exist between the transmitter and receiver. In indoor environment, 

materials of floors, ceiling, and walls, number of rooms, numbers of floors, size of rooms, etc, 

have significant effects on the signal strength [23-26].          

 

Fingerprinting method: In this method, the coverage area is pre-scanned with MS 

transmitting signals. A central system assigns a unique signature for each square in the 

location grid. The system matches a transmitting signal from a MS transmitter with the pre-

constructed database and arrives at the correct position location. There are many algorithms 

used and tested with WLAN to locate the position of the laptops and PDAs. Selected 
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algorithms and technologies for indoor positioning location systems are MIT Cricket, 

Microsoft RADAR and Skyhook Wireless WPS [24, 36].        

 

1.5 The Wireless Sensor Networks (WSN)  

The Wireless Sensor Network (WSN) is a large network that consists of small devices called 

sensors. Sensors usually have limited storage, processing ability, and battery power. Sensors 

can be used to sense physical phenomena and find parameters such as light intensity, 

temperature, velocity, and pressure. Sensor networks merge spread sensing, computation and 

wireless communication.  

 

To overcome the limitation of the wireless range of a node, the network uses high numbers of 

nodes. With limitations of the power of each node, the total power of the whole network will 

be sufficient enough to the desired application.  

 

Sensors have two basic components: the hardware and the software. Hardware consists of 

group of nodes which is also known as cluster or tree.  A controller acts as a base station to 

collect the data from nodes in the cluster. The network can consist of a single or many 

clusters. Figure (1.7) shows the WSN diagrams. 

                  

 

(a)                                                                          (b) 

                               Figure (1.7): WSN diagrams.  (a)  Single-sink. (b) Multi-sinks.    
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The software consists of protocols used to manage the operations inside the network. 

Different communications and routing protocols are used such as Wireless Routing Protocol 

(WRP), Cluster Based Routing Protocol (CBRP) and Relative Distance Micro-discovery Ad-

hoc Routing (RDMAR) for different WSN can be used depending on the applications and 

settings of the network [27-30]. 

 

1.5.2 The location estimation in the wireless sensor networks  

The positioning location technology can be applied in WSN by dividing the nodes by their 

individualities. In WSN some nodes can be fixed with identified positions, interconnection 

between nodes creates a network, and every node in the network can act as a gateway to other 

nodes. The nodes can communicate directly or in a multi-hop scenarios mode.  

 

In WSN nodes are installed into an unplanned way, where there is no prior information of 

positioning location. The sensor nodes would need to have other means of finding their 

positioning location and managing themselves into a coordinate system without relying on an 

existing infrastructure. 

 

In WSN, some nodes are more advanced than others inside the network. These complex nodes 

already know their positioning location through some technique. These nodes then act as 

beacons by broadcasting their positioning location periodically. The nodes which have not yet 

deduced their position location listen to broadcasts from these beacons and use this 

information to measure their own position location. This is called proximity-based method 

[31-33].    

 

Positioning location approaches in WSN can be classified into range-based and range-free 

methods. The main difference between them is the way to get the distance information. The 

range-based method relies on distance calculation by measuring the radio signals using 

methods such as TOA, TDOA and RSS. The range-free method uses special protocols to 

eliminate the requirement for radio signals calculation. 

 

There are some methods used to determine the position location of nodes in WSN such as 

Distance Vector (DV) Hop. It is used in fixed nodes of WSN which makes use of multi-hop 

information. It is a range-free method. A reference node propagates its position location to the 
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whole network with a message containing the reference node‟s position location. With hop-

count from that reference node and average hope-distance between a node and a reference 

node, this node can estimate its individual position location by triangulation. The distance 

between a node and a reference node is calculated as the reproduction of hop-count and hop-

distance [14].    

 

For mobile nodes of WSN, the positioning location of a node inside the network can be 

estimated using range-based method, which utilizes only local information. It utilizes range 

calculations between nodes to make a network coordinate system. This method required more 

advance hardware to estimate the TOA of a signals between two mobile nodes [37, 38].  

 

1.6 The positioning in the Ultra Wideband (UWB)   

UWB is a transmission technology using ultra short pulses (less than 1 nanosecond). 

According to the Federal Communications Commission (FCC) in USA. The UWB is defined 

as any radio transmitter with a spectrum that occupies more than 20 percent of the fractional 

bandwidth, or a bandwidth equal to or more than 500 MHz, that meets the power limits 

assigned by FCC. The fractional bandwidth is                   , where   is the upper 

edge frequency and    is the lower edge frequency. 

 

The FCC allocated unlicensed radio spectrum of 7.5 GHz from (3.1 GHz to 10.6 GHz), with 

average power spectral density is equal to – 41.3 dBm/MHz for UWB. The UWB technology 

provides very high data rates (more than 100 Mbps) with low cost, and provides a capacity 

much higher than available in narrowband systems. UWB technology can achieve overlay 

ultra wideband spectrum on channels that are in use by narrowband users and limits the power 

spectral density to values that will not initiate interference with other signals [39]. This 

technology is enabling companies to manufacture new products to serve many areas such as 

public safety, emergency response and commercial applications.   

 

1.6.2 Characteristics of UWB 

The UWB signal is low duty cycle pulses, or short burst of radio frequency energy with one 

impulse in time. The extremely short pulses with fast rise and fall times have a very broad 

spectrum and a very small energy content. UWB pulses are extremely short they can be 

filtered. They can readily be distinguished from unwanted multipath reflections because of the 
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fine time resolution. This leads to improved immunity to multipath propagation. UWB pulses 

has low frequency components enable the signals to propagate effectively throw materials 

such as bricks and cement. The large bandwidth of UWB systems means extremely high data 

rates can be achieved. UWB transmitters and receivers do not require expensive and large 

components such as modulators, demodulators and IF stages. This fact can reduce cost, size, 

weight, and power consumption of UWB systems compared with conventional narrow-bad 

communication systems. The energy used to transmit a wireless signal, in general, should be 

as low as possible. For UWB systems the energy is spread out over a very large bandwidth 

and, in general, is of a very low power spectral density. Compared with other wireless 

systems, UWB has high resolution which makes it useful in many applications such as 

positioning location and radar systems.  

 

UWB can be used for covert communication systems because it has low probability of 

detection. To detect the UWB signals requires wideband antennas with characteristics such as 

multiple octave bandwidths. UWB can used in radar and sensing. Some examples of these 

applications are ground penetrating radar, medical imaging, throw wall imaging used by 

police and rescue groups, vehicular radar and military communications [39-41]. 

 

1.6.3 Positioning location using UWB technology  

UWB technology is able to provide high accuracy location by using time-of-flight (TOF) 

method. The distance can be measured by using the following equation: 

 

Distance =                                                                                                                          (1.1) 

 

where C is the speed of the light, and T is TOF of the signal.  

The wide bandwidth of the signals can convey to high resolution timing of pulse arrival. By 

using the narrow pulses, enable the receiver to discover the differences between multipath 

signals. By constraint of the power spectral density in UWB signals has an important 

advantage since it limits the interference which coexists with various narrowband signals that 

occupy its spectrum. This makes UWB particularly suitable to indoor short range applications 

where multipath is very high.   
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TOA positioning technique depends on the measurements of the TOF of the signals between 

devices. From the Cramer-Rao Lower Bound (CRLB) inequality of the TOF of a signal pulse 

in additive white Gaussian noise (AWGN) channel, TOF can provide best accuracy of the 

distance by using the TOA estimation satisfies the following inequality[36]: 

 

    
 

                   
                                                                                                         (1.2) 

 

where    the standard deviation of the propagation time is estimate τ,   is the bandwidth of 

the signal and SNR is the signal-to-noise ratio. 

 

The expression in (1.2) shows that the best accuracy of a distance achieved in the TOA based 

ranging is related to the bandwidth and SNR of the signal. When these two parameters are 

high more accurate position estimates can obtained. 

 

The mobile node measures the distance between itself and another synchronized reference 

node using a two way packet exchange which eliminates the errors caused by inaccurate 

synchronization between nodes. To locate the position of a mobile node in UWB network 

using TOA method, we need at least three synchronized reference nodes in the wireless 

coverage area. 

 

The accuracy of a time-based position (AOA and TDOA) approach can be improved by 

increasing the SNR or the effective signal bandwidth. Since UWB signals have very large 

bandwidths, this property allows extremely accurate location estimates using time-based 

techniques via UWB radios. For example, with a receive UWB pulse of 1.5 GHz bandwidth, 

an accuracy of less than an inch can be obtained at SNR = 0 dB [41].  

 

Since the achievable accuracy under ideal conditions is very high, clock synchronization 

between the nodes becomes an important factor affecting TOA estimation accuracy. Hence, 

clock jitter must be considered in evaluating the accuracy of a UWB positioning system. If 

there is no synchronization between a given node and the reference nodes, but there is 

synchronization among the reference nodes, then the TDOA technique can be employed. In 

this case, the TDOA of two signals traveling between the given node and two reference nodes 

is estimated, which determines the location of the node on a hyperbola, with foci at the two 
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reference nodes. Again a third reference node is needed for localization. In the absence of a 

common clock between the nodes, round-trip time between two transceiver nodes can be 

measured to estimate the distance between two nodes. 

 

The positioning systems employing UWB radios, time-based schemes provide very good 

accuracy due to the high time resolution (large bandwidth) of UWB signals. Moreover, they 

are less costly than the AOA-based schemes, the latter of which is less effective for typical 

UWB signals experiencing strong scattering. Although it is easier to estimate RSS than TOA, 

the range information obtained from RSS measurements is very coarse compared to that 

obtained from the TOA measurements. Due to the inherent suitability and accuracy of time-

based approaches for UWB systems, we will focus our discussion on time-based UWB. 

 

The time synchronization between nodes is very important because the UWB pulses have 

short duration (less than 1 nanosecond) and the estimation needs accurate clock to measure 

the TOF of a signal when traveled from a mobile node to the reference node or the opposite.  

 

The method for estimating the positioning location of a node in 2D using the TOA technique 

consists of tow steps. In the first step, the mobile node calculates the distance based on TOA 

between itself and a reference node. The distance calculation is repeated with two other 

reference nodes. In the second step, the measured distance between the node and three other 

reference nodes represents a radius of a circle; this results three circles. The circumferences of 

these three circles intersect at the point which represents a position location of a mobile node. 

 

To estimate the positioning location of a node in 3D using the TOA method, it needs at least 

four reference nodes. Each reference node represents a sphere and the distance between the 

mobile node and the reference point represent a radius of a sphere. The intersection point of 

the surfaces of four spheres represents the mobile node position [39, 40]. 
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                                                     Chapter 2 

The Positioning Location Applications 

 

Positioning location technology becomes a critical attribute that can be used by everyone 

involved in the wireless value chain. With current growth of smart mobile devices and 

improvement in wireless sensor technologies, interest in positioning location technology is 

also increasing. New positioning location products continue to be deployed for a variety of 

applications with improved reliability and lower cost.  

 

Many applications can be improved by positioning location technology offering various 

solutions to geospatial problems either in personal, scientific and industrial applications. 

Traditionally, the main interest for position location has been for military and safety 

applications. Today the position location technology has emerged in a number of applications 

such as WSN, navigation, tracking, indoor positioning, emergency 911 in USA, and 

emergency 112 in Europe.  

 

2.1   Navigation services  

 

Navigation is the science of finding the position of mobile objects and their way safely and 

efficiently to destination. Initially navigation procedure starts with finding the position of an 

object with the help of one of the positioning systems such as Loran-C or GPS. The second 

step is guiding the moving object to a predetermined route to reach the desired destination. 

Radio navigation systems depend on some parameters to get ultimate results. These 

parameters are accuracy, availability, capacity, and continuity. These parameters are used to 

evaluate the performance of radio navigation systems.    

  

GPS technology is accessible world wide and the users have access to constantly updated 

position information of high quality as long as the GPS receiver is working properly and 

receiving stable satellite signals. The GPS system forms a new type of navigation, called 

electronic navigation. The electronic navigation is a system that provides a variety of 

navigational parameters through the application of the electronic sciences. Classically, the 

GPS receiver is the primary means of determining position location in electronic navigation. 

Other instruments such as radar and electronic compasses provide information regarding the 

surrounding environment and the related direction of the object [43].  
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2.2    Location Based Services (LBS) 

Location-based services (LBS) allow service providers to target customers and offer them 

services specifically tailored to where they are and what they need at both a given moment in 

time and a given location in space. LBS have the power to transform mobile services, making 

interactions more relevant, timely and personal. Many factors contribute to successful LBS, 

including positioning technologies, service policies, and content adaptation and 

personalization. Major communication providers, equipment providers, and application 

developers are actively supporting LBS standards development to encourage major roll outs 

of LBS [44]. 

 

The most obvious technology behind LBS are the positioning technologies and the widely 

recognized GPS. However, there are network based positioning technologies that typically 

relay on triangulation of a signal from cell sites serving a mobile phone and the serving cell 

site can be used as a fix for locating the user. There is a need to support multiple location 

determination technologies (LDT) and applications for locating the mobile device. An 

integrated solution should support many types of available LDT technologies such as AOA, 

TDOA, GPS and TOA. 

 

Geographical data is critical for any LBS and Geographical Information Systems (GIS) 

provide tools to provision and administer base map data such as built structures (streets and 

buildings) and terrain (mountain, rivers, etc.). GIS is also used to manage point-of-interest 

data such as location of petrol stations, hotels etc. GIS also includes information about the 

radio frequency characteristics of the mobile network, which allows the system to determine 

the serving call site of the user. 

 

The location management function processes the positioning and GIS data on behalf of LBS 

applications, acting as a gateway/mediator between positioning equipment and LBS 

infrastructure. The location manager (LM) or gateway will aggregate the location estimates 

for the mobile device from the various LDTs, compute the user location and estimate the 

certainty of that location before being forwarded to the application. 
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LBS merge these three parts (positioning, GIS, location management function) with mobile 

devices (smart phones, notebooks, PDA, GPS receivers, etc.) forming powerful links between 

geographic information database and telecommunications technologies [44, 45].      

 

LBS provide wide range of applications. Some of these applications are briefly listed below. 

E-119 in USA and in E-112 Europe: Emergency applications supply automatic location 

information of subscribers when they are called at 119 number for emergency call service. 

This application provides positioning location information to the police and ambulance teams 

to reach the caller in short time in effective way.     

 

Fleet management: Many fleet operators, such as taxi companies and police force can make 

use of the positioning location information to track and control their vehicle and to response 

in an effective way and shorter time, to avoid busy routes that delay them from reaching to 

their destinations. 

 

Mobile yellow pages: Supply information actively demanded by the subscriber about their 

existing location. For examples sending the subscriber requested directions to reach nearest 

fuel station while the subscriber is on the road. The subscriber also can get real-time traffic 

information based on their location.  

 

Network capacity planning: The positioning location of subscribers can be used from the 

cellular network to improve the cell planning according to the statistics that are gathered from 

databases of the system. The information gathered from wireless location systems can be used 

to improve the channel allocation of the network based on the location of active users. 

Intelligent handoff in the network can be improved by using the signal strength and users 

location. Cell planning of the wireless networks can utilize the existing statistics of calls 

positioning location information to establish an effective network with high capacity and low 

budget.    

 

Tracking services:  Tracking services can be used to monitor the exact position location of 

people or items to improve safety, security and surveillance. On the other hand for public 

safety applications, people and institutions have the ability to access positioning location 
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information of people by tracking their mobile device. Many companies nowadays provide 

users tracking of entities by monitoring, using the internet or smart phones.   

 

Navigation using mobile station:  LBS offer the ability to discover the geographical position 

location of a mobile handset and then provide services based on that position location. 

Navigation in LBS contains methods for concluding positioning location, route, and distance 

travelled. LBS employ correct and real-time positioning location systems and GIS to find the 

location of mobile handsets. The data created by these systems is insightful to the present 

position location of the subscriber and can be utilized to guide subscribers to their final 

destination.      

 

There are many other applications which can be provided by LBS system such as health care, 

ubiquitous computing, mobile gaming, tourist and travel information [46]. 

 

2.3    Climate and Environment Monitoring 

The positioning location technology can be used with fixed and mobile weather stations to 

collect information regarding temperature, pressure, humidity and other related data. There 

are different methods to collect and monitor the information. The most common method is by 

using fixed or mobile stations equipped with GPS receivers to provide the necessary 

positioning location. Another scenario is by supplying a group of wireless sensors distributed 

in a large area to sense the area of interest close to the physical phenomena. This method of 

collecting the necessary information for environmental monitoring (climate change, global 

warming etc.) is effective and cheap. 

 

The GPS satellites signals can be used to determine the concentration of water vapors present 

in the atmosphere. Each base station can estimate the exact position of the GPS satellites and 

their orbits by calculating the location error caused by the water vapors in every sectional 

volume of the atmosphere above every base station at the ground [47].                   
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                                                     Chapter 3 

 

Positioning Location Techniques 

 

There are different ways to represent the position location information. The elementary type 

of spatial description is geometric description. A geometric description characterizes space 

with its geometric form and a group of coordinate points under a Cartesian coordinate 

reference system. The space model holds a firm representation which is often used to express 

an explicit space with coordinates such as (x, y, z). 

   

A space is physically marked by diverse geometric shape. A geometric shape can be a 

primitive 2D or 3D shape. The shape construction can be extended to more complicated 

shapes in specific applications. For every space, coordinates are selected and ordered in a 

distinctive arrangement in terms of the space geometric shape. The coordinate description is 

strictly related to the geometric shape of a space.  

 

The accurate point in positioning location methods can be calculated by using the basic 

principles of intersection of different lines and the proper geometric formulation to estimate 

the position location of a node. There are several methods to determine the positioning 

location coordinates of the nodes such as angle of arrival (AOA), time of arrival (TOA), time 

difference of arrival (TDOA), and received signal strength (RSS). These methods built on 

geometric principles to calculate the position locations of a node using the lines and angles. 

Triangulation, multilateration and hyperbolic are examples of these principles. 

 

3.1   Basic mathematical principles used in position location  

 

Triangulation: 

The triangulation positioning location technique uses the geometric properties of triangles to 

estimate a node positioning. This principle consists of three points, two reference points 

(  and    ) and a target point (T). The intersection of line from    to T and from    to T, we 

get the two angles    and     as shown in figure (3.1), and the trigonometric functions are 

used to calculate the target position. 
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                                                          Figure (3.1): Triangulation principle.  
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where, R is the line between the reference points    and   , d it is the perpendicular line 

between target point T and line R.    is the line between target point T and the reference 

point   ,    is the line between a target point T and the reference point   ,    Is the angle 

between line    and line R,    is the angle between line    and line R, (g, h) are the 

coordinates of the reference point    and (a, b) are the coordinates of the reference point    , 

(X, Y) are the coordinates of the target T.   

 

The coordinates of the target (X, Y) can be calculated as mentioned below: 

 

                                                                                                                 (3.5)  

 

   
                   

           
                                                                            (3.6) 

 

To find the distances between reference points   ,    and the target point T we use following 

equations [42] 
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                                                                                                    (3.7) 

 

                           .                                                                        (3.8) 

 

Multilateration 

This is simply an extension of triangulation technique with more than three reference points. 

So, if there are three points    ,   , and   , as shown in the figure (3.2) below and the 

distances from the reference points to object T are known, then the point of the intersection of 

the three circles is the supposed location of object T.  
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                                                       Figure (3.2): Multilateration principle.                     

 

The first circle has radius (  ) and the second circle has radius (  ), the distances (   and   ) 

can be estimated by calculating the TOF of the signal. 

 

To calculate the coordinates of the target T: first, the distances between reference nodes and 

the target T are calculated using the following equations: 

 

                                                                                                                               (3.9) 

 

                                                                                                                              (3.10) 

  

                                                                                                                              (3.11) 

 

where c is the speed of light, 

    is the time of a signal sent from T, 

   is distance between     and T, 
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    is the distance between    and T, 

    is the distance between    and T, 

    is the time of arrival of a signal that sent from T to    , 

    is the time of arrival of  a signal that sent from T to    and    is the time of arrival of the 

signal that sent from T to   . 

                                                                                                                                                                                                                                             

The equations for three intersecting circles with centers at the reference points and radii equal 

to distance from the target T are:  

 

    
                                                                                                                          (3.12) 

 

    
         

                                                                                                          (3.13) 

 

    
         

         
                                                                                                   (3.14) 

 

where    is line between reference point    and target point T,    is the line between reference 

point    and T,    is the line between reference point    and T. the coordinates of the target 

point T are (x, y), and the coordinates of reference point    are (0, 0), the coordinates of 

reference point    are (  , 0) and the coordinates of reference point    are (  ,   ). Solving 

equations (3.12), (3.13) and (3.14) gives the coordinates: 

 

  
  
      

      
 

       
                                                                                                                 (3.15) 

 

    
  
     

     
     

               

       
                                                                                        (3.16) 

 

The coordinates of the target T can be estimated and the position they define is the only one 

where all three circles intersect [9].  

 

Hyperbolic principle 

The hyperbola is a set of points in a plan whose distances to two fixed points in the plan have 

a constant difference. Each point represents a focus of the hyperbola. The focus represents an 

anchor node or a reference point. To calculate the position by using this principle the target 
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lies on one of these hyperbola curves between these two foci. These curves have fixed 

distances to each focus of the hyperbola. 
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                                                Figure (3.3): Hyperboloid principle. 

The equations for the hyperbola are:  
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                                                                                                                       (3.19)    

 

where a and b can be obtained from the quantities  d and D, where D is the distance between 

two foci of a hyperbola and  d is the difference of the distances between the two fixed 

stations and the target,      is defined as:  

 

                                                                                                                  (3.20) 

 

where c is the speed of light,     is the time of  node    and    is the time of node   . 

 

 

3.2   Received Signal Strength (RSS) Method 

The received signal strength (RSS) is a method to determine the position location of a target 

device. Depending on a path loss model, the distance between two nodes can be estimated by 

measuring the energy of the received signal at one end. In order to calculate the distance from 

RSS measurements, the characteristics of the channel must be classified. The RSS can be 

classified by a constant component and a variable component. The constant component is 
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subjected by a path loss propagation model, and the variable component is subjected by a 

range of complex propagation effects. These propagation effects include signal attenuation, 

multipath effects and shadowing  

 

To estimate the positioning location of a target node in three dimensions (3D) the system 

needs at least four or more reference nodes with known coordinates. The transmitter forwards 

control channels or beacon signals and the target node receives these signals and process 

them. The measurements of the received signals that are collected and processed can be used 

to determine the position location of a target node [2]. 

 

All radio signals suffer from a phenomena called free space loss [4] in which the signal 

becomes weaker as a function of distance squared when propagates in space, according to 

Friis equation:  

 

     
       

 

       
                                                                                                                   (3.21) 

                        

where    is the received power of the device,    is the transmitted power,    and     are the 

antenna gain of the transmitter and receiver, λ is the carrier wavelength it is equal to: 

                                   

       =  
 

 
                                                                                                                              (3.22) 

                                      

where λ is wave length of the signal, c is the speed of the light, and ƒ is the carrier frequency 

of the signal  

 

The equation (3.20) is used to determine the distance between two nodes in wireless system 

depending on RSS. By converting this equation to obtain the path gain    [4, 36]. 

   

     
  

      
   

 

   
 
 

                                                                                                  (3.23) 

 

where d is the distance between a transmitter and the receiver, λ is the carrier wavelength of 

transmitted signal,    is the received power,    is the transmitted power,    and    are the 

antenna gain of the transmitter and the receiver. If we have information about carrier 

frequency, transmitted power, received power and gains of both transmit and receive antennas 

we can estimate the distance d between two devices using the equation in (3.23). 
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3.2.1 Determining the Position with (RSS) method 

The main goal of a position location system is to determine the coordinates of a target node.   

To estimate any unknown target node position, there must exist reference nodes in the 

wireless coverage area with known geometrical coordination to map with measurements that 

are gathered to locate the target node position. 

 

The multilateration technique is used to measure the position of a target node in the RSS 

method. Three reference nodes or more are needed to estimate the positioning location in the 

case of 2D. Four reference nodes or more are needed in the case of 3D. Each reference node is 

considered to be center of located in the circle. The target node lies on the circumference of 

the circle. The distance between the center of the circle (reference node) and the target node is 

the radius of the circle. The intersection of these three circumferences is the location of the 

target node [10]. 
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                                                  Figure (3.4): RSS method. 

 

The distances between the reference nodes and the target nod can be obtained from these 

equations: 

 

  
        

  
  

                                                                                                                           (3.24) 

 

  
        

  
  

                                                                                                         (3.25) 
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                                                                                                       (3.26) 

 

The exponential path loss is defined as: 

 

 
  

  
  

  

  
 
 

,                                                                                                                        (3.27) 

 

where  

di (i = 1, 2, 3…) is the distance between a reference node and a target node N, 

do is a reference distance,   

 Pr is the received power, 

 Po is the received power at a reference distance do,   

 n is the path loss exponent of different environments (n=2 for free space path loss).    

 

The estimation of the position of a target can be calculated using the information obtained 

from the radius of circles, which represents the distance between reference nodes and the 

target node. The maximum likelihood estimation method can be used when the number of 

reference nodes is greater than or equal to 3. The essential idea is that if the coordinates of i 

reference nodes were known as (     ), (     ),…,(     ), and their distance from target 

node N were             and the following formula with coordinate (   ) of the target node 

N exists: 

 

  
                     

 

 
                    

 

                                                                                           (3.28) 

 

Let the first     minus the last equation in turn, and then we can obtain:  

 

    
  
     

                 
                

     
 

 
    
     

                   
     

                  
    

 

                    (3.29) 

 

The above equations can then be written as the linear type: 
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    ,                                                                                                                               (3.30) 

 

where 
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                                                                 (3.32) 

 

     
 
                                                                                                                                (3.33) 

 

Finally, the coordinate (x, y) of target node N can be written in following least mean 

estimation form: 

 

                .                                                                                                             (3.34) 

 

3.2.2  Advantages and Disadvantages of (RSS) method 

High accuracy can be obtained when using RSS method in short–range and LOS 

environment. RSS method can be used in the systems without the need to install new 

hardware in both the network nodes and target nodes (only a power detector is need).  

However, there might be a need to modify or install new software in the system. This is still 

easier and cheaper compared with other methods that require installing new hardware in 

different nodes of the system. RSS has another important advantage since the method do not 

required time synchronization between nodes in the system, which is necessary in TOA 

method [1, 9]. 

 

There are several disadvantages in the RSS method. Firstly, this method needs at least three 

reference nodes to locate the position of a target node.  Secondly, power control used in these 

systems can seriously affect the accuracy of measurements of signals and leads to incorrect 

calculation of positioning location of a target node. Thirdly, this method does not work well in 

NLOS case because of multipath interference effects.  Multipath interference creates 
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complicated and inaccurate reading of the signal strength in the receiver, which leads to 

inaccurate positioning location of a target node [3]. 

 

3.3  Angle of Arrival (AOA) Method 

Angle of arrival (AOA) is a network-based positioning location method that measures the 

time take by radio signals to arrive at several points.  AOA method uses an antenna containing 

a multiple element array in which the exact location of each AOA element is known precisely. 

Each element is small and capable of receiving a separate signal. By measuring signal 

strength, time of arrival, and phase at each element of the array, it is possible to calculate the 

line-of-sight path from transmitter to receiver. Placing another receiver with the same antenna 

configuration in a different location allows to repeating the process. The intersection point of 

the two line-of-sight paths represents the location of the transmitting node. 

 

The AOA method requires a minimum of two reference stations with directional antennas 

with narrow beam widths. This method is easy to implement, and is used in some applications 

such as surveying, locating the source of illegal transmitter, and tracking target nodes. 

 

3.3.1 Determining the position with AOA method 

The AOA method uses simple triangulation principle to calculate the location of a target node 

and is based on vector ranging. The method needs at least two reference stations to measure 

the direction of the received radio signals. The target node represents the point of intersection 

of lines drawn from reference stations to the target node. A pair of vectors form a single angle 

in a point when they intersect with each other. The angle of arrival calculation and other 

necessary information can be used to calculate the position of a target node. Transceiver 

stations with known coordinates must be used as reference to obtain accurate calculations of 

the required information in this method. 

 

The information about AOA can be measured by three ways. The first type based on 

measuring the received signal phase differences between the antenna array elements. The 

second is to measure a beam-forming or spectral density across the antenna array of the 

receiver. Third way of estimating the position of a target device; to find AOA is by using 

sectored multi beam antennas. This technique is based on the difference between the 

calculated the amplitude of the arrival signal at the main beam and the related amplitude of 
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arrival signal calculated at the adjacent beam. This method used in cellular networks which 

were already adopted cell-sectoring in the network to achieve more reliable communications 

[9, 11, 36]. 

 

Let us suppose we have a transmitted signal from target node which has coordinates       to 

the ith transceiver station which has coordinates        . The line between transmitter and 

the reference point intersect with X- axis creates an angle      as shown in figure (3.5), this 

angle it will be the angle of arrival which is defined as: 

 

        
  

    

    
                                                                                                                  (3.35)  
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                                            Figure (3.5): The angle of arrival principle. 

 

To determine the coordinates of the target node T, we can use the following equations [36]:  

  

   
         

                
                                                                                                            (3.36) 

 

   
                

                
                                                                                                           (3.37) 

                                                                                                 

where R is the distance between the reference stations    and   ,    is the angle of arrival at 

the reference node   ,     is the angle of arrival at the reference node   , (x, y) are the 

coordinates of the target node T. Figure (3.6) shows the AOA method. 
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                                                   Figure (3.6): AOA method. 

 

3.3.2 Advantages and disadvantages in the AOA method 

There are several advantages in the AOA method. Unlike TOA and TDOA methods, there is 

no need for clock synchronization between the target node and the transceiver stations. In 

addition less number of transceiver stations to measure the location of the target node are 

needed. Two stations are enough to measure the position location of a target node.  

 

In the AOA method there is no need from the target node any kind of cooperation and the 

target nodes is not involved in the measurements to estimate the position. By using antenna 

with high directional arrays, the antenna can rejects interference caused from directions away 

from the target node. Digital signal processing can be used to improve the accuracy of 

location and eliminate undesirable interference such as multipath distortions.  

 

There are some disadvantages of using the AOA method. As the distance increases between 

the target node and the transceiver stations, the accuracy of the location estimation will 

decrease due to the changing propagation characteristics of the received signal. To use AOA 

method, the network needs to use the directional antennas to determine the angle of arrival 

and the directional antennas put additional expenses to the wireless system. 

 

   

3.4 Time of Arrival (TOA) and Time Difference of Arrival (TDOA) methods 

The time of arrival (TOA) and time difference of arrival (TDOA) methods rely on the 

propagation time of a signal traveling from the transmitter to the receiver. In the TOA method 

the one way propagation time is determined and the distance between reference node and 

transmitter is estimated. This method requires accurate time synchronization between the 

target node and the reference nodes clocks.      
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The TDOA method depends on processing the time difference of the multiple signals that is 

generated from several reference nodes when arrived to a receiver device.  By this way, the 

receiver device can measure its position.   

 

Each TDOA determines that the receiver device should lie on a hyperbolic with constant 

range differences between the two transmitting reference nodes. Two pairs of reference nodes 

are required to find the position location of a receiver device in 2D and three pairs of 

reference nodes are needed in case of 3D. Since these methods depend completely on the 

correct measured time, any inaccurate time measurement will cause errors in the range 

estimation.  

      

3.4.1 Positioning location using Time of Arrival method 

The TOA method is based on combining estimates of the time of arrival of the transmitter 

signal, when arriving at several different reference nodes. Figure (3.7) shows the TOA 

method using multilateration principles for 2D.  

 

The time of flight (TOF) (    
 ) estimate can be used to determine the distance (   

 ) between 

transmitter and receiver by using the following equation: 

 

   
       

     
                                                      i = 1, 2, 3, 4 . . .                                  (3.38) 

 

where c is the speed of light,    
  is the TOF,    

  is the actual time instant at which the 

transmitter device starts transmission and    
 is the distance between the transmitter and the 

receiver. 

 

To find the coordinates of a node of interest we use the following equations: 

 

   
     

    
             i = 1, 2, 3, 4 . . .                                                                              (3.39) 

 

   
       

    
                                                                                                                               (3.40) 
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              Figure (3.7): TOA method using multilateration principle for 2D location. 

 

  

  
 
      

     
        

     
                                                                                                     (3.41) 

 

   
       

     
        

     
   ,                                                                                                 (3.42) 

 

where (0, 0) are the coordinates of reference node TS1, (     ) are the coordinates of  device 

node, (     ) are the coordinates of the reference node TS2, (     ) are the coordinates of the 

reference node TS3,    is the distance between TS1 and device node,    is the distance 

between TS2 and device node and    is the distance between TS3 and device node.    

 

These equations (3.40), (3.41) and (3.42) can be solved by combining all the available set of 

measurements using a least-squares approach into a more accurate estimate. This approach 

can be reviewed as follows. Subtracting (3.40) from (3.41), we obtain 

 

   
    

     
            

                                                                             (3.43) 

 

In the same way, subtracting (3.40) from (3.42), we obtain  

  

   
    

     
            

                                                                                   (3.44) 

 

These two equations can be written in matrix form as 
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  =  

 

 
  
   

      
    

  

    
      

    
  .                                                      (3.45) 

 

where      
      

    
                                                                                                     (3.46) 

 

Equation (3.45) can be rewritten as   

 

     .                                                                                                                              (3.47) 

 

where  

      
    
    

   ,              
  
   
  ,                 

 
 
  
   

      
    

  

  
      

    
                   (3.48)    

 

The solution of (3.47) is given by 

 

         .                                                                                                                        (3.49) 

 

To estimate the position location in 3D, the circles are substituted by four or more spheres. 

Each sphere has radius equal to the distance between the center of sphere which is in fact the 

reference node and the target node. The intersection point between the surfaces of these 

spheres represents the position of the receiver device. 

 

The network system has the ability to obtain high clock synchronization between different 

entities inside the network. However, it is hard to obtain the time synchronization with the 

target node due to many effects such as noise, shadowing and multipath propagation. Good 

resolution TOA measurements need signals with large bandwidth to overcome the problems 

caused by multipath propagation at the receiver nodes [9, 36].  

 

3.4.2 Positioning location using Time Difference of Arrival method   

To estimate the position of a receiver device using TDOA method it requires time 

synchronization between the transmitter and receiver. To overcome the absence of clock 
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synchronization in some scenarios, the distances can be determined by using the differences 

in the time of arrival of signals that are transmitted from two reference nodes. 

 

The network using this technique must have clock synchronization between all the beacons 

inside the network. The TDOA method uses hyperbolic mathematical principle to estimate the 

position of a receiver device. The receiver node lies on lines of two pair of reference stations. 

The lines have constant distances between two foci (reference stations) in the hyperbolic. 

Figure (3.8) shows the TDOA method using hyperbolic mathematical principle.  
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                                                   Figure (3.8): TDOA method. 

 

 

 The TDOA method uses two-way ranging to exchange information about the time of 

generating signal from one node to another. In this case, time synchronization is not required 

between nodes and by repeating this two-way ranging procedure good accuracy 

measurements can be obtain [9]. 

 

The TDOA calculation between a reference node    and a reference node    is defined by: 

  

     
        

 
 
                                                                                                                      (3.50) 

 

     
          

 
 
                                                                                                         (3.51) 

 

where d = c t,  

i = 2,3,4….m, is the number of reference nodes, 

d is the distance between two nodes,  

c is the speed of light, 

t is the required time of a signal to propagate from one node to another. 
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In case of several reference nodes are involved in determining the receiver device positioning 

we use the following equation:   

 

       
       

     
                  

   
  

  
    

     ,                                                             (3.52) 

 

where     
  is the clock time for the receiver node T.  

 

Note that these differences are not affected by errors in the T clock time (   
 ) as it cancels out 

when subtracting two TOA measurements. 

  

The distance    between receiver node T and reference node   can calculated by using the 

follow equation: 

 

   
 
      

     
        

     
                                                                                                    (3.53) 

 

The TDOA associated with reference node    is    
     

 ; i.e., it is the difference between the 

TOAs of the T signal at    and   . Now we define the distance differences          . 

 

The equation (3.53) can be rewritten, in terms of the TDOA measurement       
 , as:  

 

       
     

  
 
     

                 
 
.                                                                         (3.54) 

 

where       
     

    
                                                                                                        (3.55) 

 

where (0, 0) are the coordinates of reference node   , (     ) are the coordinates of  device 

node T, (     ) are the coordinates of   , (     ) are the coordinates of the   ,     is the 

distance between     and T,    is the distance between     and T and    is the distance 

between     and T.    

 

Reorganizing terms in (3.54), we obtain 

  

                     
  

 

 
      

     
                                                                       (3.56) 

 

In the same way, we can write 
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                                                                      (3.57) 

 

where      
    

    
  

 

Equations (3.56) and (3.57) can be written in matrix form   

 

         
   ,                                                                                                                (3.58) 

 

where       
     
     

  ,    and    M = 
 

 
  
   

      
 

  
      

   

 

This equation can be used to solve for x, in forms of the unknown    
 , to find x as 

 

           
         .                                                                                                   (3.59) 

 

By substituting this result into 

  

    
       

    
  ,                                                                                                                     (3.60)                                                                                                       

 

we get a quadratic equation in    
 . Substituting the positive root back into equation (3.59) 

yields the final solution for x [5].  

 

3.4.3 Advantages and Disadvantages of TOA and TDOA methods 

By using these two techniques high accuracy can be achieved in position location of a target 

node. The distances between reference node and target node when increased do not affect the 

accuracy of calculations like in other methods such as AOA and RSS methods. There are 

some disadvantages in these two methods which should be taken into account. Weak 

synchronization of time is a major source of error in TOA method. Another source of error is 

due to multipath propagation. Low SNR will reduce the resolution of TOA measurements. 

These problems affect the accuracy of measurements because changing the accuracy of the 

time of arrival of signal to the receiver causes big errors for positioning location 

measurements [3, 9, 11, 12, 19, 36].    
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                                                             CONCLUSION 

 
In this thesis the basic principles and examples for modern wireless positioning location 

systems presents and their enormous applications have been presented.  Positioning system 

classifications are also described. Different wireless systems have been demonstrated and 

positioning methods in these systems have been discussed. These systems such as Satellites 

positioning location systems, cellular networks, WLAN, wireless sensor networks and ultra 

wideband, for use‟s outdoor and indoor positioning locations, have been discussed. The basic 

mathematical principles used to calculate the positioning location are explained.  

 

Positioning location is a key feature of future-generation wireless networks, enabling a 

multitude of applications in the military, public (e.g., search and rescue), and commercial 

(e.g., navigation) sectors. Thus, considerable research is needed to the further improve the 

performance of these systems. 
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