[image: image73.png]kIndoor One Slope Model
%function OneSlopeModel

clc;
close all;
clear all;

RSSI = [-59.98 -60.44 =72.50 =76.52 =77.20 -79.31 -81.19 -81.57 -81.98 -83.23 -83.68 -85.42
-85.60 -86.04];

d = 1:1:16; %reference distance at 1n
n = 1.93; %path loss exponent in indoors

PL_d1 = 44.5;

%PLd = 10%10g10(Pr/Pt);
PLos = PL_d1 + 10*n*log10(d); %OneSlopetodel PathLoss
figure(1);

plot(d, RSSI, 'r', d, PLos, 'b');

hold on;
title('Received Power Level vs Distance

grid on;

legend('Experimental RSS', 'Propagation Model');
xlabel('Distance (m)');
ylabel('Received Power Level (dBm)');
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Abstract
Recently, the deployment and availability of wireless technology have led to the development of location and positioning services. These Location Based Services (LBSs) are attracting the attention of researchers and mobile service providers. With the importance of ubiquitous computing, the main challenge seen in the LBS is in the mobile positioning or localization within reasonable and certain accuracy. The Global Positioning System (GPS), as a widely known and used navigation system, is only appropriate for use in outdoor environments, due to the lack of line-of-sight (LOS) in satellite signals that they cannot be used accurately inside buildings and premises. Apart from GPS, Wi-Fi is among others, a widely used technology as it is an already existing infrastructure in most places.

This work proposes and presents an indoor positioning system. As opposed to an Ad-hoc Positioning System (APS), it uses a Wireless Mesh Network (WMN). The system makes use of an already existing Wi-Fi infrastructure. Moreover, the approach tests the positioning of a node with its neighbours in a mesh network using multi-hopping functionality. The positioning measurements used were the ICMP echo requests, RSSI and RTS/CTS requests and responses. The positioning method used was the trilateral technique, in combination with the idea of the fingerprinting method.

Through research and experimentation, this study developed a system which shows potential as a positioning system with an error of about 2 m – 3 m. The hybridization of the methods proves an enhancement in the system though improvements are still required.
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Terminology
Positioning vs Localization and Accuracy vs Precise
Although many people often use positioning and localization to mean the same thing, a distinction can be made between the two terms;

Definition of the two words:

· Positioning – can be used to define a location with absolute coordinates; determination or providing of data about a physical position of an abject (with the use of a numeric coordinate system) e.g. (4.992836, -22.746298).
· Localization – refers to the determination of a location with relative to its coordinates; an object's symbolic location e.g. “boardroom”, “Room 5 in building 3”, “Store room”.
In this research however, the two terms are often used interchangeably to refer to the same thing. Moreover, the words accuracy and precision also have a distinction when used in combination with the above defined terms.

Definition of accuracy and precision:
· Accuracy –   refers to the closeness of a value measured, to that of a known value.
· Precision – means how close two or more measured values are to each other.
With respect to measured points, a high accuracy means closeness to points aimed at or an area targeted at. While a high precision basically means that the measured points themselves are close to each other.

Although the two words, accuracy and precision may be used interchangeably, in this research however, the term accuracy is used instead of the term precisely. This is because an accurate value is close to being and a precise measurement is an exact measurement. With the system proposed, there are a lot of factors affecting the performance of the system hence the expected or assumed results should be close to an exact value.
Publications
Sehloho, N.E. and Adeyeye, M., 2013, 'An Indoor Navigation System Using Multiple Positioning Methods and Tools', Work-in-progress in the proceedings of the Southern Africa Telecommunication Networks and Application Conference (SATNAC) 2013, pp, 461-462. Available from: SATNAC website: www.satnac.org.za. [1-4 September 2013].
CHAPTER ONE: 1.0 Introduction to research study

1.1 Introduction

As many applications are increasingly becoming mobile, pervasive applications in wireless communications are without a doubt a very desirable service which is emphasized by the tremendous growth of wireless networks. With the importance of ubiquitous computing, the development and deployment of wireless networks has enabled some of the crucial ingredients in many ubiquitous computing applications. These applications include the location-aware and positioning services. The availability and proliferation of wireless computing has led to the so-called Location-Based Services (LBSs).

Since mobility is now integrated in the wireless applications, and most people use these mobile devices, positioning and navigation systems can run on these devices (Hung et al., 2009). According to Puikkonen et al. (2009), digital navigation has become more and more dependent on the guiding systems. First of all, navigation can be defined as travelling along a path from a certain starting point to a specific destination point. While travelling along the intended route, the navigation systems are there to control, read and update the movement of the user’s position and orientation (Ozdenizci et al., 2011). Re-orientation or correction to the destination may be done if any deviation of the calculated route occurs (Ruppel & Gschwandtner, 2009).

In a modern society, often traditional paper maps and atlases are being replaced by dashboard mounted GPS receivers (GPS terminals), online mapping services or mobile phones with integrated map services (Puikkonen et al. ; Hung et al., 2009). With the fuelling advances of computing and communication technologies, systems with the increased usability and functionality are therefore being offered. These systems are able to determine users’ current positions and determine ways to get to their destinations. According to Bahl and Padmanahban (2000), a growing interest in location-aware systems and services has been fostered by the proliferation of mobile computing devices and local-area networks.

Prasithsangaree et al., (2002) have added that to provide for these location-aware services, obtaining accurate user position is important. Many papers have been written describing development, implementation and testing of indoor navigation systems. The wide deployment of mobile wireless systems and networks has made possible the services of tracking, positioning and locating on mobile devices such as PDAs, smartphones and laptops.

It is common for people to be socializing in a car while a digital navigation assistant takes care of the driving instructions. Recently, the guiding systems have moved from cars to pedestrians (Woodman, 2010), and so for the success of these systems, service concepts need thorough designs, and the functioning technology is required in combination with the User Interface (UI) (Puikkonen, 2009). Navigation systems are useful in helping users position/locate themselves in order to find ways to their designated destinations easily without getting lost; especially in unfamiliar environments.

Moreover, Tscheligi and Sefelin, (2006) explained that it was indicated from earlier research that for digital positioning aids to be perceived useful, they should be able to provide further information and support more navigational tasks. In addition to simple route finding, navigation systems can actually be utilized in other ways such as friend tracking, location-sensitive advertising; therefore, relevance is just in the matter of charting the UI design recommendations for such systems (Puikkonen, 2009).

As many mobile devices already encompass the pedestrian navigation, users are therefore likely to anticipate the services that keep guiding them even when they move to indoor environments (Tscheligi & Sefelin, 2006). Moreover, the authors explained that this anticipation combined with the omnipresence of the correct technology, makes the mobile devices a natural platform for personal navigation.

Many opportunities for re-addressing problems that have been historically solved (in other ways) have been created by the availability of powerful communication and computing system on hand-held devices (Hung et al., 2009). Furthermore, one of the problems was identified as indoor positioning and navigation. Application of the indoor navigation can be in large indoor museums, hospitals, shopping malls, university campuses, airports etc. (Ozdenizci, 2011). For instance, patients normally get lost inside large hospitals, and so do students and non-regular visitors like guest lecturers have difficulties in finding certain buildings, offices or lecture rooms around university campuses.

Faragher, Sarno and Newman (2012) noted the rising interest in recent years in the positioning and the ability to determine outdoor and indoor environment locations. Most people have become accustomed to the availability of Global Positioning System (GPS), which is said to be very accurate and effective for radio positioning and navigation in outdoor environments (Li et al., 2005; Lemelson et al., 2009; Ruiz et al., 2012). However for indoor navigation and positioning, GPS cannot be used as a navigation technique; they are not possible due to the unavailability of the Line-of-Sight (LOS) of the satellite signals (Bejuri et al.; Faragher et al., 2012).

An incentive to the research and development of the indoor positioning was somehow provided by the success of outdoor positioning systems. Moreover, Bejuri et al. (2012) said that the concept of indoor positioning system was introduced so as to solve the main issue of most popular mobile navigation systems, which is their positioning accuracy. This is because when GPS standalone technologies are used for positioning in navigational systems, they are found to be ineffective when they are operated in obstructed areas, such as inside of buildings and premises.

Limitations of GPS have led to the development of positioning techniques based on wireless networks (Arva et al., 2009). These include a variety of methods, such as time of arrival techniques (TOA and TDOA), angle of arrival (AOA), location fingerprinting techniques and trilateration (Lui et al., 2007; Huang & Gartner, 2010; Song, Jiang & Huang, 2011). These methods will be explained further in subsequent chapters.

1.2 
Objectives

The main objective of this research was to design and develop an indoor positioning system with the use of multi-positioning methods and tools. As indicated by Wang and Jia (2007) and Arva et al. (2009), positioning in indoor navigation systems has particular accuracy issues. Therefore, the proposed system makes use of multiple positioning methods so as to compensate for the disadvantages of individual positioning methods.  In addition, efforts were made to ensure that the functionalities were well presented and adequate for this research. In order to provide information relating to user environments, a smart design method will be used to create a system with a context-aware environment.
The use of a Wireless Mesh Network (WMN) was to take advantage of the self-healing and self-configuration features of nodes in the network. As the aim was to best make use of the signal parameters, the choice of the routing protocol in the mesh network was to avoid at all cost the factors that could degrade the network connectivity. Hence the two proactive routing protocols Batman and Batman-adv were used with the objective of comparing their performance in the mesh network.
One objective was to compare the two Round Trip Time (RTT) measurements taken from the ping utility and the kismet sniffing and analysing tool. Furthermore, the ToA calculations from the RTS/CTS results were compared with the distance estimations from the RSSs. Since the common parameter in the three measurements was the distance with which the results were collected against, the other objective was to compare all three parameters against each other.

Another objective was to use the android mobile device to build a positioning system. Other researches include the use of mobile devices to build the positioning/navigation applications using the built-in features like the sensors, GPS or accelerometers. However, the idea in this project was to not use those features but to use external features to collect signal parameters and then incorporate them into a mobile application to test feasibility of positioning in mobile devices without the internal features.

1.3 
Related Work

Previous research on indoor navigation systems has been for a while now driven by research studies concentrating mainly on the positioning technology. The use of various technologies has been examined. RADAR (2000) is one of the examples of navigation systems related to this project. It is the world’s first WLAN indoor positioning systems and makes use of the Radio Frequency (RF) network to infer the mobile user's (receiver's) location with the packets’ empirical energy level or Signal Strength (SS) as a function. The RADAR system takes the radio-map building approach to determine the location of the user. The results indicated from the RADAR was the resolution median ranging in the 2m to 3m, hence the ability to track ad locate user within high degree of accuracy.

The simulation carried out by Bischoff and Wattenhofer (2004), makes use of the HS and the GhoST algorithms. The aim was to analyse the connectivity based of multi-hop paths in an ad-hoc network. Their approach was to study the positioning of nodes where there was no direct connectivity with anchor nodes; the position of dumb nodes is estimated through the use of multi-hopping to other nodes. Moreover, they found that the positioning exclusively based on number of hops is quite accurate.

 Investigated by Othman et al. (2010), the implementation of node positioning was done using the RSSI measurements using the trilateration algorithm in the 802.15.4 network. One related research is that of Ruiz et al, (2009), where the simulation was run to test the WLAN tracking system with employment of TOA using the trilateration positioning method.

Another work is that of Izquierdo et al. (2006). Their work is closely related to this work as they also use the TOA measurements from the IEEE 802.11 data link layer frames; the DATA and ACK request/response instead of the direct imprecise TOA to avoid synchronization errors.

Ciurana et al., (2009), had a similar system called SofTOA, which employed WLAN network to locate terminals/devices in that network. Their work developed a prototype of a software-based positioning system and they reported a few errors from their experimentation when the system is applied to distances of about 25 meters. Similar to this work and that of Izquierdo et al., (2006), this software-based ToA ranging system uses the RTT from the IEEE 802.11 MAC data/ACK frame exchanges. Their experimentation employed the RTT calculations from time-stamps of the frame transmission and reception in the WLAN driver’s code while employing the CPU clock as a time-base.
The indoor positioning system proposed in this work differs from previous systems in one major respect:

Previous studies that hybridized any positioning methods, used location fingerprinting and trilateration techniques based only on the RSS measurements. In this particular research, trilateration and location fingerprinting, based on the RSS and TOA measurements, were used.

There are other positioning systems using ad-hoc networks such as Forno et al., (2005) and Niculescu and Nath (2011). In present research, a network was formed into a special type of wireless ad-hoc network. It is a Wireless Mesh Network, which may provide dynamic and cost effective connectivity over a certain geographical area may.

 Like the Ad-Hoc Positioning (APS), the system of the current study used the collaborative cooperation of the other nodes. In this research, instead of single hopping path, it tested and utilised the multi-hopping paths to the neighbouring nodes.

Instead of the software-based-TOA estimations, the proposed system used the hardware-based-TOA estimation method. With most positioning systems on mobile devices using the features of a mobile phone, this work used external features of a mobile phone that embed or incorporate them.

1.4 
Research Aims

This research study aimed at developing an indoor positioning system that can accurately and effectively give a position of a person and facilitate navigate to the destination without much cognition load. The proposed system was therefore to make use of multi-positioning methods and tools to compensate the disadvantages of other methods. The aim was to eliminate the calibration process by simplifying the location fingerprinting method.

1.5 
Problem Statement
Different positioning and navigation systems have been proposed and developed. However, the problem that seems to still remain is that of accuracy of positioning of the systems in indoor environments. This thesis aimed to develop an indoor positioning system that could accurately and effectively navigate and give a position of an object or person inside of a building. The proposed system made use of multiple positioning methods and tools.
1.6 
Research Question

How should multiple positioning methods or techniques be used to contribute to the optimisation of accurate positioning and navigation in indoor environments?

1.6.1
Research Sub-Questions

1. What are the characteristics and considerations of developing indoor positioning and navigation systems?

2. Why are positioning systems unable to obtain optimum accuracy?

3. To what extent is the positioning accuracy of other hybridised positioning methods?

4. Which positioning methods can be hybridised to enhance performance?

5.  How does positioning relate to navigation?

1.7 
Organization of the thesis

This study is organised into six chapters with appendices as follows:

Chapter 1 opens the thesis by giving a brief introduction to the topic of navigation systems and the positioning or location-based services in general. The objectives of carrying out this research are then outlined. From the past literature, a few related works to this study is given. The chapter then mentions its aims and what it hopes to achieve.

Chapter 2. In this chapter, various topics are discussed. This explores the background and literature review. With the navigation system dealing with or being comprised of many different aspects, most of them are dealt with. This chapter basically gives in depth the different aspects that may be considered in developing positioning and navigation systems and some of the technologies or topics that are to be included in the research project.

In Chapter 3, the study begins by previewing the overview of the research methods and approach. This chapter is about the methodology used in this research project. Hence, the chapter talks in detail about methods used in data collection, how data was sampled and analysed. Finally, the research model or design construction is presented based on other designs in the literature.

Chapter 4 discusses the developed system, the procedures followed, all the technologies used and those that could have been used.

Chapter 5 – After the system design and carrying out of the experimental processes, the results and/or findings are then analysed and presented in a clear and readable manner in this chapter.

Chapter 6 concludes the research project by mentioning and explaining how, and if the developed system's performance has achieved the aims and goal of the project. It also sums up the project paper by presenting the recommendations that could help the future system that may be built. This chapter further mentions or brainstorms the future work that could improve the indoor navigation systems or the work that could bridge up the gaps in the developed system.

1.8 
Summary of chapter
This chapter is a brief introduction to the location services. As ubiquity has become crucial to users of mobile devices, the wireless technology has been seen as a great tool to enable the services  provided by mobile applications. Among many services, wireless technology has enabled the development and deployment of many applications such as location-based/positioning and the navigational applications. There are indoor and outdoor positioning applications, many people are more accustomed to the use of the latter.

Moreover, as buildings and indoor premises are getting larger and complex, the need for locating or positioning and/or navigational applications was recognised. But because the use of the well-established outdoor location system, GPS, fails to perform well in closed environments, other technologies like Wi-Fi are considered. Moreover, accuracy (which is an issue) is very important in these location-aware services. Addressing this accuracy issues (of locating users and objects within acceptable range), the problem statement was identified, research question was formulated, the objectives and aims and a hypothesis were presented. 
CHAPTER TWO: 2.0 Literature Review
2.1. 
Wireless Standard Technology

2.1.1 
IEEE 802.11 Standards

The standardization of the Institute of Electrical and Electronics Engineering (IEEE) 802.11 standards was to define specifications for the Medium Access Control (MAC) and the Physical (PHY) layers for the wireless connectivity (Nee et al., 1999), (Bernardos, Soto & Banchs, 2008). These standards; due to the great success of wireless LANs implementation, modifications have been made to the original delta operator maths standards in order to extend and/or modify them to support new functionalities and features.

2.1.1.1 
IEEE 802.11a
This standard was released in 1999 with the data rate of 54Mbps in the 5GHz radio frequency band. The IEEE 802.11a standard defines the 12 to 23 “clean” (non-overlapping) channels for the operation of the Orthogonal Frequency Division Mode (OFDM) PHY in the 5GHz frequency band (cisco). With the transmit power levels and the maximum power outputs, this standard covers ranges of around 30meters in indoor environments using common equipment (Bernardos, Soto & Banchs, 2008).
Moreover, since the 5GHz band of operation used provides advantages of reduced interference than the heavily used in the 2.4GHz frequency band and faster data rate transmissions, the differences in the frequency band operations causes the standard to not be cross compatible with other standards (IEEE 802.11b/g).

2.1.1.2 
IEEE 802.11b

The IEEE 802.11b standard was approved in 1997 as a natural extension of the original IEEE 802.11 standard. It addresses the same needs as the IEEE 802.11a, for higher transmission. However, this standard defines 3 non-overlapping channels for operations of Direct Sequence Spread Spectrum (DSSS) PHY in the 2.4GHz frequency band range, with data rates of up to 11Mbps. It is the most popular used standard with data rates of 1MBps, 2MBps, 5.5MBps and 11MBps.

2.1.1.3 
IEEE 802.11g

The IEEE 802.11g standard was officialised and released in 2003 with data rates of 54Mbps (12 data rates) in the 2.4GHz radio frequency. As the IEEE 802.11g standard, the IEEE 802.11b has 3 “clean” channels and operating in the same frequency with same transmission rates. This standard is therefore backward compatible with the IEEE 802.11b standard.

2.1.2 
Media Access Control (MAC) Layer

MAC is the layer where usage regulatory of the medium is performed; the protocol allowing access to the channel. This radio channel access is given to the nodes in the network by this protocol by telling them when to send and when to expect/receive a packet. There are  mechanisms used to give nodes access to the radio channel; Time Division Multiplex Acess (TDMA) and Carrier Sense Multiplex Access/Collision Avoidance (CSMA/CA).

RTS/CTS is one technique used by the CSMA/CA mechanism to solve the problem of the “hidden node”. This technique provides a handshake between transmitter and a receiver nodes; frame from trasmitter requesting to send packets, and when the channel is clear, a receiver node sending a clear to send frame to transmitter confirming that it can send the packets. Using the RTS/CTS handshake, the packet collisionin the network is minimised Jasani & Alaraje, 2007).

2.1.3 
Physical (PHY) Layer 

In the OSI model, the PHY layer (layer 1) defines the specifications of the interface and the connector as well as the requirements of the medium. On a computer network, bit streams are sent by the the electrical, procedural, mechanical and the functional specifications. In the PHY layer, there various components, those being: Network Interface Card (NIC), Adapters connecting the media to the physical interface, Cabling components, Specifications of the patch panel,hub and repeater,and the Wireless components. It was noted by Simoneau (2006) that, the PHY layer of the OSI model is the only part of the Local Area Network (LAN).

2.1.4 
Network Layer
Layer 3 of the OSI protocol stack, also known as the Network layer, provides end-to-end addressing system that is logical so as to allow the routing of the data packets across several layer 2 networks. These several networks are Frame Relay, Ethernet and Token Ring, to mention a few. The Internet uses the IP addressing to provide connectivity to other networks around the world. For better control of the flow of data packets and management of the network, the the network layer addressing is separated into subnets. To learn of other present networks, routers use routing protocols (eg, RIP, OSPF, BGP) to communicate to each other. 

2.2 
Positioning

With many different studies showing a growing demand for the development of indoor positioning systems, numerous positioning and tracking methods and tools are available for which can be used by mobile devices (Wain, 2010). The introduction of these Location-Based Services (LBSs) or Location-Aware Services (LASs) was somehow encouraged by the ubiquity of these mobile devices  which includes PDAs, smart-phones, cell phones, laptops, etc. (Gartner, Huang & Schmidt, 2010). Therefore, an interest is more on the development of indoor positioning and tracking systems that are accurate and efficient.

According to Gartner, Huang and Schmidt (2010), the previous surveys that have been done were for outdoor environments. GPS is the main navigation system; however, it is only a big success outdoors and it fails when used in indoor environments due to multi-path of radio signals (Zhou, n.d). Due to this effect, replacement of GPS requires the use of different technologies for indoor applications (Gartner, Huang & Schmidt; Wain, 2010).

And so, the measuring principles and positioning algorithms are needed in a more detailed manner so as to evaluate various positioning (Lui et al., 2007). Moreover, Gartner, Huang and Schmidt (2010) explained that development of indoor navigation systems needs consideration of different aspects: indoor positioning, context-aware adaptation (Huang et al., 2009), route presentation and communication, and other features like access to network and client platform.
2.2.1 
Indoor Positioning
Most of the recently developed devices are wirelessly operated. Wireless technologies allow many systems to take advantage of the existing infrastructure. Hence any wireless technology can be used for location purposes. However, these technologies may be accurate but with the cost of increased prices and installation complexities (Faragher, Sarno & Newman, 2012). Additionally, selection of any positioning approach requires consideration of several aspects (Gartner, Huang & Schmidt, 2010). Those are positioning signals, signal metrics, and positioning algorithms (Lui et al., 2007; Gartner, Huang & Schmidt, 2010; Song, Jiang & Huang, 2011).
2.2.1.1 
Positioning Signals

Infrared (IR)

On an Electro-Magnetic Spectrum (EMS), the IR signals lie in-between the microwave region and visible light. These thermal waves range between far and near infra-red signals. The IR wavelengths are longer than the visible light waves with shorter frequency, but shorter than the microwave waves with longer frequencies.

For signal transmission, this IR positioning technique uses the infra-red signals. An example of a system that uses infra-red signals is an Active Badge System (Ballazhi, 2012), which imploys a badge that emits unique identifier tags every 15sec to track an object. IR sensors are installed each location covered by the network. Moreover, there is a central server that collects data from the IR sensors. According to Hung, Saragas and Webb (2009), infra-red wireless networking was asignificant development for positioning in indoor environments. However, they mentioned that several fundamental problems were encountered and a key challenge was that of limited range of this network.

Ultrasonic

Ultrasonic system uses the ultrasonic beacons as its signal transmission. An Active Bat System and Cricket Systems (Ballazhi, 2012) are examples of systems that use this technology. In an Active Bat System, users of the system and the objects are tagged with Ultrasonic tags which are identified as Bats. A large number of receivers are required to be mounted across the ceiling.

Radio Frequency (RF)

Wi-Fi (Wireless Fidelity), widely known as the IEEE 802.11 standard, is a technology where wireless routers broadcast signals that are received by the devices in the area (Thummalapalli, 2012). It operates in an unlicensed radio frequency of 2.4 GHz and therefore having the ability to offer data rates as high as up to 150Mbps (Mojela, 2011). Wi-Fi technology has an advantage of the wireless networks being universal; their existence is in dense-areas and that they spread outwards continuously. For this reason, Wi-Fi-based systems are known to have lower implementation costs and for large distances, wi-fi is used in conjunction with WIMAX.

Zang and Qi (2012) also added that the biggest advantage of Wi-Fi is that of having higher transmission speeds, while the main advantage is requirements of no wiring. The also mentioned that this technology is ideal for the mobile users.

2.2.1.2 
Signal Metrics

Received Signal Strength (RSS)
RSS (Feng et al., 2012) can be defined as the amount of signal power levels that sensors receive. This basically means the strength of a received signal. With this method, received and transmitted signals have a relationship which can be used as a means to estimate or approximate distance between those receivers. Moreover, RSSs are used as metrics for the WLAN positioning systems.
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Received Signal Strength Indicator (RSSI) is a technique which deals with the radio signal strength; makes use of signal attenuation measurements. The use of RSSI falls under one of the two categories of indoor positioning techniques, geometric or trigonometric approach (Subhan et al., 2011). This method bases itself with the fact that the received power level at the receiver antenna is dependent on the travelled distance by the signal.

Angle of Arrivals (AoA)
At the receiver, an angle at which a signal is received is called the angle of arrival (AoA). The positioning method using this metric, measures TDoA in a sensor array which is placed between multiple antennas (Lui et al., 2007). In some receivers, an AoA can easily be determined according to which sensor received the signal; an array made by highly directional sensors. Triangulation is used in conjunction with AoA for the location of objects relative to two anchor transmitters.
[image: image31.png]



Time of Arrival (ToA)
The travel time of a signal from transmitter to receiver is called Time of Arrival (ToA). ToA is similar to TDoA. This method (ToA) uses a technique based on GPS, where a combination of multiple measurements with trilateration are used to find a location. For valid measurements and results, ToA requires additional configuration and set-up of atleast three sensors/receivers (Wain, 2010).
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Among other mobile station localization measurements, ToA measurements are the more popular (Chan et al., 2006). Given the arrival time information of the signal from the transmitter to the receiver, the information can be converted into distance whereby that distance serves as a radius of a circle with the transmitter as the centre; using at least three transmitters/base stations. The point at which the three loci intersect, normally gives an estimate of the receiver/mobile station’s location. This is illustrated on Figure-2.3.

Using this technique, it may be necessary to find a location that fits the measurements as the ToA has proven to have errors. Hence the circles may not intersect at an exact or unique point (Caffery, 1999). One other more significant problem of this method of positioning is that of non-line-of-sight (NLOS) situation with the signals arriving from reflections (Chan et al., 2006). The distance estimation of these measurements from the transmitter to the receiver is uncertain owing to the noise in the signal received, and interferences in multi-path further cause additional uncertainties in the estimations (Sahota & Kumar, 2014).
Also known as the peripheral positioning method or the three circles intersection position method, ToA measurements bear great errors on positioning accuracy due to strict and precise time synchronization and accuracy needed between transmitters and receivers (Llombart, Ciurana & Barcelo-Arroyo, 2008; Chen, He & Yang, 2013). Taking previously estimated distances (also known as the pseudo-distances) as the input data, a mobile’s distance can be estimated using the trilateration or the tracking algorithm (Llombart, Ciurana & Barcelo-Arroyo, 2008).

Using the Wi-Fi positioning measurements as an alternative to other techniques, this technology based on ToA measurements is promising as these ToA-based systems allow flexibility and non-complex system deployments (Patnaik, Dalal & Chawla, 2012). This for most systems is by means of the ToA measurements using the IEEE 802.11 frames from the data link layer (data and the ACK) (Izquierdo et al., 2006; Ciurana, Barcelo-Arroyo & Martin-Escalona, 2011). This basis relies on the fact that the propagation of the electromagnetic waves is at the constant speed of light. Moreover, if the packet frame information is used, then the ToA can be estimated using equation (1) as depicted on the figure below.
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Equation (1)
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Time Difference of Arrival (TDoA)
TDoA is a positioning technique that examines the time difference at which the signals arrive at multiple measuring units for it to determine the relative position of a mobile transmitter (Lemelson et al., 2009).
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With multiple signals arriving at the receiver, this technique calculates the difference in their arrival time. Leading to a high positioning accuracy, this method eliminates the AoA's tight synchronization, hence it requires accuracy in timing synchronization (Subhan et al., 2011).  Trilateration or triangulation are the methods that can be used to calculate the distance from the transmitter. Also, distance calculation can be done by multiplying the speed and propagation time of the radio signals.

2.2.1.3 
Positioning Algorithms
Proximity
The RSS received from a specified AP is approximated and the region covered by the AP is determined to be the location; and this is fairly just a rough estimate, (Feng et al. 2012). Wain (2010) and Ballazhi (2012) added that this method is however very easy to implement. Proximity is an algorithm that provides information on the symbolic relative location and relies on the dense grid of antennas with their position well-known. Detection of a mobile target results in a mobile target being collocated with a single antenna. If a mobile target is detected by multiple antennas, then collocation of that mobile target is by an antenna with the highest RSS. This technique is said to be very easy to implement.
Triangulation
According to Wain, (2010) and Feng et al. (2012), this is one of the positioning techniques that uses RSS to estimate locations. The theoretical or empirical signal propagation model causes the RSS to be translated into a form of distance from APs. To perform estimation of a location, triangulation is performed with measurements of at least three APs of known positions. They further say that the use of this approach is not accurate because of unpredictable propagation channels and use of propagation model lacks reliability.
Location Fingerprinting (LF)

In this algorithm, the features of a scene are firstly collected and then estimation of a location is by matching of the two stages: 1. Offline stage and 2. Online stage (Kaemarungsi & Krishnamurthy, 2004).  In this technique, the RSS is a commonly used positioning measurement. However, the received signal strength can easily be affected by scattering, reflection and diffraction (Ballazhi, 2012). This is a fingerprinting-based algorithm and makes use of the following measurements;

Probabilistic, K-Near neighbour, Neural networks, Support Vector Machine (SVM) and Smallest M-Vertex Polygon (SMP).

To solve the problems experienced in the use of trilateration algorithms, location fingerprinting (LF) was developed and showed to have high accuracy (Akl, Tummala & Li, 2006; Wang & Jia, 2007).  Avoiding the extra deployment costs and effort, this technique is a promising indoor positioning solution because it takes advantage of exploiting existing infrastructure like IEEE 802.11 or GSM (Kjaergaard, 2010). Location-aware applications in pervasive computing using SS information are a promising technique (Kjaergaard, 2011).

LF method commonly uses the RSS positioning measurements; beacons periodically broadcast from RP/wireless APs to client devices. In this algorithm, the features of a scene are first collected and then estimation of a mobile device’s location is done by matching the two stages; offline and online stages (Kaemarungski & Krishnamurthy, 2004). However, the collected or measured beacon information can easily be affected by scattering, reflections and diffractions (Ballazhi, 2012).

The first phase of the location is to divide the area of interest into square gridlines and a radio-map or fingerprints are built from measurements pre-recorded or collected from predefined locations/grid-lines. In this setting, the uniform grid-lines are formed by constantly distributing/dividing the adjacent calibration points. Pre-recording the radio-map and processing prior storage in radio-map (database) requires site surveys that are labour intensive and time consuming (Das, Teixeira & Hasan, 2012; Sapumahotti, Alias & Tan, 2013).

The second phase also known as the positioning phase (Li et al., 2006), the mobile client device measures the beacon SS in real-time. Using an appropriate search or matching algorithm, these measurements are compared to the SS data stored in the radio-map to infer its location (Sapumahotti, Alias & Tan, 2013). With the use of this technique, to calculate and estimate the location of the user, many search algorithms proposed; which fall under two categories; probabilistic method (Bahl & Padmanabhan, 2000) and determination method (Youssef et al., 2003) of location fingerprinting.

Relatively, the deterministic method is simple and measured at each AP are averaged to determine position of mobile terminal. The simplest and basic example of the deterministic matching method is the Nearest Neighbour (NN) (Bahl & Padmanabhan, 2000; Saha et al., 2003). On the other hand, probabilistic fingerprinting method, as the name suggests, only calculates and estimates the probability of a mobile terminal being at a certain location (Das, Tiexiera & Hasan, 2012). Examples include the Bayesian Networks and Bayesian Filtering (Honkavirta et al., 2009; Ahmed et al., 2010).
Trilateration

Trilateration technique estimates an object by measuring the distances from the object to be located and its multiple reference points. By multiplying the radio signals' velocity and the time of travel of the signals, the distance can be computed (Ballazhi, 2012). Usually, this technique makes use of the ToA and the TDoA as the distance measuring methods.

Since the technique uses the distance measurements, the obtained SS should normally be converted to distance measurements first. And so, the trilateration algorithm basically makes use of signal propagation model for conversion of SS to distance, then the geometric method to compute the location (Li et al., 2010).
This means the location of the mobile terminal can be determined with the use of at-least three base stations when their locations/positions are known (Kodippili & Dias, 2010). The elementary distances from the at-least three base stations used to determine a 2D mobile device position can be estimated with the use of attenuations from signal strengths (SS) or the signal ToA information (Kodippili & Dias, 2010; Ballazhi, 2012; Das, Tiexiera & Hasan, 2012).
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Using also the geometric approach of positioning technique, trilateration algorithm makes use radio propagation models to calculate and compute the distance of mobile node from three fixed nodes of already known positions (Subhan et al., 2011).
Although this is said to be a simple method to implement, obtaining the distance from the SS is a challenging work due to the ever changing nature of the signal strength fluctuations (Li, et al., 2005), (Li et al., 2006). Complications are however more in indoor environments as the signals get attenuated by various factors like multi-path reflections, scattering and diffractions from walls, floors, ceilings and sharp corners (Wang & Jia, 2007). Another problem observed in trilateration technique is that of orientation of the mobile terminal which also considerably affects the variations in the signal strengths (Das, Teixeira & Hasan, 2012).
Considering the case of a scenario depicted by Figure-2.6 above, trilateration makes use of the 3 reference points (RPs), with known coordinates (P1, P2, and P3). This method calculates the position of a mobile user B with the use of the distances (r1, r2 and r3) which are distances from the mobile user B to base stations. If circles can be drawn with the radii r1, r2 and r3, the point where they intersect would be the estimated location of the mobile user B.

Knowing the coordinates of the APs and the estimates from the calculated distances from the APs to the mobile terminal (which can be obtained using RSS ot the ToA information), the estimated position can be determined. The geometric triangle relationship can be used to calculate the unknown coordinates of the user, using the equation below, which needs to be further simplifies to obtain the
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2.3 
Wireless Mesh Networks (WMNs)

Wireless Mesh Networks (WMN) are packet-switched networks with a static wireless backbone. These networks are formed of two types of wireless mesh networking nodes; the wireless mesh routers and the wireless mesh clients. In this type of networking, nodes operate not only as hosts but also as routers to relay traffic and packets on behalf of other nodes in a multi-hop fashion, which may not be in access or in the range of wireless transmission from source to destination hosts (Ghumman, 2009).

Wireless mesh routers connect directly forming a mesh with other wireless mesh routers; they operate within an ad-hoc network forming a peer-to-peer in a network. Types of nodes such as laptops, phones, PDAs with wireless interface cards (NICs) can have direct connectivity with the wireless mesh routers which usually have multiple interfaces. However, those nodes without NICs need a medium like an Ethernet link in order for them to have connectivity with wireless mesh routers (Akyildiz, Wang & Wang, 2005).

The mesh routers form the backbone and network access for both wireless mesh routers and wireless mesh clients. In addition, the availability of gateway/bridge in mesh routers enables integration with different existing wireless networks such as Wi-Fi, Cellular networks, Sensor Networks. Wireless routers are stationary devices and multi-hop technology achieves same coverage as conventional routers but with much less power (Akyildiz, Wang & Wang, 2005). Wireless mesh clients can be stationery or mobile which makes it possible to guarantee the multiplicity of the paths to reach any destination in the mesh network (Zarai, Daly & Kamoun, 2011).

According to Lee and Ward (n.d), WMNs play a critical role of acting as an alternative technology for the last-mile broadband Internet access. As these networks can be simply viewed as the special type of ad-hoc networks, they have a number of distinguishing features from pure ad-hoc networks. These multi-hop ad-hoc networks are therefore characterised by dedicated static or quasi-static wireless routers which perform the routing function to forward packets through the network. The client devices that connect to the wireless routers perform no routing functionalities.

Moreover, ad-hoc networks are networks whereby cooperative collection of wireless nodes require no intervention of any centralised access. The ad-hoc nodes have the capability of self-forming, self-healing and need no centralized services. With the wireless ad-hoc networks, routing functionalities are performed by the client devices on behalf of other nodes in the networks forming an arbitrary topological network. And so, as these devices become mobile, a class of networks called Mobile Ad-hoc Networks (MANETs) is formed.
Below are figures showing examples of wireless mesh networks:
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One feature of WMNs includes the relative fixed position of different nodes. Another feature is that of designated gateways which connect wireless mesh networks to the Internet. This is different to pure ad-hoc networks as they route traffic through arbitrary pairs of nodes (Lee & Ward, n.d).

Although WMNs are a little different from ad-hoc networks, Zhao and Qian (2010), added that that WMNs are distributed, have high speed with large capacity and are privileged with wide coverage and absorption of the wireless LAN (WLAN) and they have ad-hoc networks advantages. Due to their topological structure that is hierarchical, WMNs have become an ideal solution to the broadband installation as they can provide reliable transportation.

In addition, Carlin and Curran (2013) simplified an explanation of a mesh network as a LAN where each node is connected to many others, configured to allow connections to be re-routed around broken or blocked paths, with the signal hopping from node to node until it reaches its destination. Over other network topologies, WMNs have great advantages. It (WMN) self-manages its load to avoid and prevent clogging of certain nodes in the network. For example, if a link becomes busy, the traffic can be rerouted through other nodes in the traffic to maintain a good load balance in the network.

In autonomous systems, mesh networks are characterized by their ability to self-form, self-organize, self-heal self-optimization and the feature of multi-hopping. One of the WMNs objectives is to improve throughput of the clients (Arnout, et al., 2013). As these networks can be simply viewed as special type of ad-hoc networks, exploration of multiple capabilities in ad-hoc networks can improve the positioning quality capabilities (Niculescu & Nath, 2003). However, mesh networks have a distinguishing feature from pure ad-hoc networks; they are characterized by being dedicated.
The main feature in the topological structure of the mesh/ad-hoc networks includes nodes with large capabilities. The question generally asked by Niculescu and Nath (2003) was how the capabilities of these nodes can be exported to various nodes to increase the overall capability in the network. Because nodes are connected to each other or can re-route packets from one node to another, the nodes in the network assume to have knowledge of the position of other nodes geographically. These absolute assumed positions can be sensed by other nodes in the network and hence be displayed geographically on a map.

Moreover, the cooperative collection or capabilities of these networks require no intervention of central access. Therefore, measurements made between any pairs of mesh nodes can be used as an aiding mechanism in the estimating of the node’s location. Hence forming a cooperative localization, accurate location information of the nodes in the network can immensely become useful in the geographical routing algorithm (Patwari et al., 2005).
2.3.1 
Wireless Mesh Architectures

In 802.11, wireless LANs are the traditional networks where the Basic Service Sets (BSSs) have their connections via the Ethernet LANs. In this type of architecture, flexibility of network deployment is limited due to the fixed network architecture and thus mobility of the BSS and multihop networking are needed (Wang & Lim, 2007).

Moreover, the solution of integrating 802.11 BSS mode and IBSS mode in WMNs had to however share the following common features. Three types of nodes have to be included in the network: mesh routers, clients and gateways. To provide functionality with the 802.11 MAC, an ad-hoc routing protocol should be implemented. The 802.11 MAC drivers will need to be enhanced in the mesh routers so as to improve performance of the multihop functionality. Support for internet access, client access etc. needs certain configurations.
As mentioned earlier in this chapter that non-overlapping channels in the 2.4GHz and 5GHz spectrum exist, most multi-hop networks only use a single channel. Acoording to Raniwala and Chiueh (n.d), these networks using one channel rarely exploit the aggregate bandwidth available in the spectrum. The use of multi-channel WMN is said to improve the network throughput as opposed to the use of a single channel. However, there are projects carried out with mesh nodes communicating on a single channel.

The VillageTelco 
Village is a scalable telephone company toolkit which is very easy to use. This toolkit is Do-It-Yourself (DIY) and standards-based. VillageTelco was initiated so as to build community telephone network hardware and software that can be setup without the need for mobile phone towers or landlines (VillageTelco). The goal of this project was to contribute to the development of the cheapest; virtually free local telephony in developing countries (Pascual, 2008). 

The Village telco is formed of a network of mesh potatoes (MPs) wher the conjoining MPs form a peer-to-peer network to make calls to each other (Adeyeye and Gardner-Stephen, 2011). The components in the Village Telco architecture are the wireless MP clients, the central billing server, the monitor server, the voice gateway and the routing backbone infrastructure (Pascual, 2008). An (MP) is an 802.11b/g mesh router with a single Foreign Exchange Station (FXS) port that accepts an ordinary two-wire telephone. The MP hardware and software architectures are open. For further information on VT please see ( Adeyeye and Gardner-Stephen, 2011).
The Serval mesh 
Village Telco's wireless mesh network provides a fixed land-line telephone network, for example, when a person wants to make a call, he or she needs to be in fixed place before the calls can happen. Therefore, Serval mesh wireless network is considered to be the extension to the Village Telco mesh network to provide a cellular mobile telephone network.

Serval mesh network is considered to be a derivative of Village Telco mesh network. The Serval mesh is a free and open source software application that is used in devices like android mobiles; to make voice calls, send text messages, and share files with other Serval mesh android devices. It can also be used during crisis and disaster situation without the need of lot of infrastructure such as cell phone towers, satellite and Wi-Fi hotspots. It is also helpful in rural communities lacking services, and in some organisation needing a medium telephone communication to communicate internally. For more information on serval mesh, please see (Gardner-Stephens, 2011).
2.3.2 
Wireless Mesh Routing

The wireless clients or nodes are challenged by the ability to communicate with nodes that are not directly connected to them. The routing protocols therefore help in the formation of the ad-hoc network to forward packets to nodes that not in direct communication range. Even though availability of WMN routing protocols is abundant, the mesh solutions vary depending on which solution is used. Thus, a signifying that routing protocols are associated with some problems.

Although there are various protocols available, there is still a need for the development of a routing protocol that is better than the other routing protocols in all aspects of experimentation. Adeyeye, Gelder and Ojo (2013), reported that one of the proprietary routing protocols is called an Adaptive Wireless Path (AWP) and is used in the Cisco solutions. They further alluded to other routing protocols which included the Ad-hoc On-Demand Distance Vector (AODV), proactive called Optimized Link State Routing (OLSR), the traditional wired routing protocol Open Shortest Path First (OSPF) used by Nortel. Other routing protocols used in WMN solutions include Better Approach To Mobile Ad-hoc Network (B.A.T.M.A.N) or simply Batman routing protocol (Chissungo, Blake & Le, 2010), Dynamic Source Routing (DSR) routing protocol and BABEL routing protocol.

Routing protocols in WMNs can be classified into two divisions, reactive routing protocols and proactive routing protocols. According to Owczarek and Zwierzykowski (2013), the latter routing protocols are the protocols that are constantly and continuously maintaining the nodes' routing tables, as well as exchanging and updating the information of the neighbouring nodes in the network. Reactive routing protocols on the other hand, are the “on-demand” routing protocols; they have no prior knowledge of the route to the destination nodes. These protocols are said to only discover routes when needed.

2.3.2.1 
OLSR routing protocol

This routing protocol falls under the proactive class of routing protocols as routing tables and the destinations to the neighbouring nodes are periodically distributed. These protocols are said to be table-driven. Although the advantage maybe an immediate availability of routes to certain destination nodes, a down fall for this protocol is the generation of unnecessary routing traffic for routes that may never be used (Johnson, Ntlatlapa & Aichele, 2008).

Moreover, OLSR is point-to-point routing protocol that is based on a traditional link state algorithm, which has been under improvements so as to become more suitable for use in wireless networks (Huhtonen, 2004; Villapol et al., 2013). In this protocol, the Link-state messages are periodically exchanged between the nodes so as to maintain topology information. Due to continuous topological changes, routing information is flooded to all other nodes in the network. Substantial reduction of the number of required traffic is by the use of selected nodes that forward packets on the network, called the Multi-Point Relays (MPR) 

Multi-point replay (MPR) strategy helps to minimize the control messages and the number of route update rebroadcasts. MPR is a set of neighbouring nodes that retransmits each other’s packets (Abolhasan, Wysock & Dutkiewicz, 2004).

The behaviour of OLSR results in the superposition of three main components: neighbourhood detection using the HELLO messages to learn of the neighbouring nodes, MPR election which is computed so that all symmetrical two-hop neighbours are reachable from the originator node through one of its MPR and routing table computation to form a link composed of MPR only offers a minimal path from and to any point in the network (Herbiet, 2007). 
2.3.2.2 
B.A.T.M.A.N routing protocol

B.A.T.M.A.N is a proactive routing protocol operating in the Link Layer of the Open Systems Interconnection (OSI) model. This routing protocol was created with an intention to solve limitations of the OLSR routing protocol. Johnson, Ntlatlapa and Aichele (2008) explained that B.A.T.M.A.N was made as a response to the OLSR short-comings as the network grew larger. 

Justified by Chissungo, Blake and Le (2010), Batman is a simple and robust algorithm used in ad-hoc networks to establish multi-hop routes in the network. As explained by Adeyeye, Gelder and Ojo (2013), Batman delivers packets to its detected neighbour nodes via the best route. Hence, it has features of other classical routing protocols. It also informs its neighbours and keeps track of new nodes. 

Clarified by Chissungo (2013), Batman was intended for use in WMNs, and since its implementation in 2008, a community of open source developers have modified and extended it. Both implementations of this algorithm was done for the Linux kernel; the Batmand, which is a daemon process and Batman-adv which is a kernel module. The Batmand routing protocol according to Chissungo, Blake and Le (2010) is implemented on layer 3 of OSI protocol stack, while the Batman-adv protocol lies in layer 2.

An introduction of B.A.T.M.A.N was to solve the problem of synchronization between the topology messages and the routing information stored in the nodes. This basically means that there may exist a mismatch between the currently stored routing information in the routing table and the actual network topology due to propagation time of topology messages, which may be an effect of routing-loops (Barrolli et al., 2009). The scalability of B.A.T.M.A.N counts on packet loss and thus, like other algorithms, OriGinator Messages (OGMs) are broadcast as unreliable UDP packets (Murray, Koziniec & Dixon, 2010).
The Batman algorithm

An exclusive focus of this algorithm is on learning about the best next-hop to each destination node. Because the entire routing path to the destination is not discovered nor calculated, an advantage is that of less generation of routing traffic. The routing table lists all the nodes in the network, and the identification of the next-hop node of each listed node. This is done so as to establish existence of the link between neighbouring nodes. This information is forwarded until all nodes in the network have appropriately disseminated their information to other nodes.

In a network where a routing message is sent from a source node to a destination node, network graph made by the associated link of certain weight represent number of originator (OGM) messages received via neighbouring node from destination node. A routing message is sent along the link with the largest weight in the sub-graph. If the link does not get the message to the destination node, the process is repeated until the link in the sub-graph leading to the destination node is found. For more and detailed information on how Batman routing protocol works, please see: Johnson, Ntlatlapa & Aichele (2008) and Villapol et al., (2013).

Delosieres and Nadjm-Tehrani (2011) explain the operation of B.A.T.M.A.N in the following manner. Each node in the wireless mesh network periodically broadcasts the OriGinator messages (OGMs) to its neighbouring nodes. The OGMs are the pheromones created by the originator node in the network. The neighbours in turn rebroadcast the received OGMs to their neighbours. If originator messages are received from the neighbour or any node considered as a one-hop node, the receiving neighbour changes the sending address to its address and re-broadcasts the message (Reineri et al., 2011) 

To keep track of the previously received OGMs, the node stores the OGMs in a buffer after it has received them. The OGMs are sent using a timer in B.A.T.M.A.N, link bi-directionality is checked using sequence number (SQ) of OGM and if they (SQ and OGM) are received for a particular node which falls in a certain range, the link is therefore considered bi-directional (Barrolli et al., 2009). The timers are kept by each node for each originator so as to remove the obsolete originators from its list.

As mentioned above about the link bi-directionality, this is to avoid the one-way communication of connected nodes. (Delosieres & Nadjm-Tehrani, 2011) The bi-directionality of the link is checked by node broadcasting its new OGM to its neighbours. Then upon receiving the OGM, the neighbour in its proximity In turn broadcasts it to its neighbours. When the node receives its own OGM, it is then assured that there is a bi-directional communication between it and the node that send back the OGM.

Furthermore, a node communicates with other nodes by forwarding the message to its best hop neighbour; to a given destination. A best neighbour is the node that has forwarded the highest number of OGMs issued by the destination node within a sliding window. As different OGMs from different originators may be broadcasted by neighbours, every node keeps a unique sliding window that will keep track of the freshest OGMs rebroadcasted by each neighbour. Each time a node receives a new OGM from a neighbour, a window gets updated.
Batmand and Batman-adv
The B.A.T.M.A.N algorithm as mentioned above is used in the two routing protocols. This algorithm gave rise to the Batman (daemon), Batman-adv (kernel module) and the BatMan-eXperimental (BMX) routing protocols. However, the most commonly used protocols are the first two. There is no corroboration on the comprehensive comparison of the two routing protocols (Chissungo, Blake & Le, 2011). However, inconclusive results were obtained on the performance comparison of these routing protocols from the experimentation of (Murray, Koziniec & Dixon, 2010). 
The main differences of Batmand and Batman-adv routing protocols are that Batmand works on layer 3 of the OSI protocol stack while Batman-adv works on layer 2 of the OSI protocol stack. During communication with the neighbour nodes in the network, Batman-adv protocol uses the MAC addresses while Batmand utilises the IP addresses. Moreover, Batmand makes aware all the protocols in the underlying network, of the multihop feature, while the use of Batman-adv masks the multi-hopping feature from all the protocols above layer 2, by the use of the Ethernet Bridge (Chissungo, Blake & Le, 2011).
2.3.2.3 
B.A.T.M.A.N vs OLSR 

In 2008, Johnson, Ntlatlapa and Aichele, reported on studies done on the comparison of Batman and OLSR. Their experimentation showed B.A.T.M.A.N behaving better than OLSR. Similar experimentation was done by Abolhason et al., (2009) and, Murray, Koziniec and Dixon (2010). In the latter studies, OLSR had a better performance but B.A.T.M.A.N routing protocol outperformed OLSR routing protocol in the former experimentation. Differences in the results could have been related to differences in factors like protocol configuration, topologies and variables used (Villapol et al., (2013).

A simulation was done by Sehloho and Adeyeye (2012), comparing the two routing protocols.  Their simulation test-bed was setup on OMNET++ modelling tool and their results also showed the BATMAN routing protocol performing much better in most parameters. The network parameters proven evident to be better in B.A.T.M.A.N protocol are: throughput, end-to-end delay, packet loss rate and packet error rate, while jitter parameter was greater in OSLR routing protocol. From the above parameters, the reason for B.A.T.M.A.N to outperform OLSR seems to be the ability of B.A.T.M.A.N protocol to maintain its route stability in the network.

2.4 
Radio Propagation

2.4.1 
Introduction

The use of wireless communication has evolved remarkably, enabling people to communicate without the use of wires. In contrast with the wire-line communication that can be used anywhere though relying on the cabling infrastructure; the wireless communication has been greatly adopted throughout the world due to its ubiquity. However, the wire-line networks have a limiting factor which is the network infrastructure.

Radio propagation is when information carried by the radio wave signal, is transmitted by the radio transmitter over the air (Harrison Corporation, 2005). In radio signal propagation, a radio system is used to transmit information to the transmitter. Through an antenna which converts the Radio Frequency (RF) into an electromagnetic wave, information is transmitted over free space (transmission medium). The receiving antenna on the other end intercepts the electromagnetic wave converting it back into an RF signal. This ideally original information (RF signal generated by the transmitter) then gets demodulated back into its original form. As these electromagnetic waves propagate from source to destination, all transmitted RF energy simply incurs path loss.
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During radio signal propagation, the propagation models are used to estimate the strength of the radio signal at a given distance between transmitter and receiver. These models are operational by taking into taking into account different factors affecting radio propagation, which not only include the mechanisms resulting in path loss but also subjected to multipath effects and shadowing. The propagation models are available for both indoor and outdoor environments. Because this study is based on indoor system, only indoor propagation models will be examined.

2.4.2 
Basic Principles of Radio Propagation
In radio propagation, there are three basic mechanisms, namely, reflection, diffraction and scattering (Lenihan, 2004).
2.4.2.1 
Reflection

When a propagation wave hits or impinges on an object with dimensions larger than that of the propagating wave/signal, reflection normally happens. Depending on the signal properties and properties that of the surface, as the propagating wave hits or strikes the surface, some signals get absorbed and some reflected.

2.4.2.2 Diffraction

Irregularities obstructing the signal path between the receiver antenna and the transmitter can cause what is called diffraction (Stein, n.d). This normally happens the surface hit by the radio signal is impenetrable, which thereby results in the bending of waves. Amplitude, phase and polarities of waves are factors that at high frequencies, diffraction depends on.

2.4.2.3. Scattering

As opposed to reflection, scattering takes place where a medium a signal is travelling has or consists of wavelengths with larger dimensions, than the objects in the medium. As the wave hits the surface, it breaks apart and travels in multiple different directions. This therefore causes destructions and signal interference. In mobile communication systems, scattering problem is normally induced by rough surfaces and small objects.

2.4.3 Factors affecting radio propagation

2.4.3.1 
Multipath

Multi-path is a factor that affects most radio communications. This effect is the fading in and out of the radio signal over a period of time during signal propagation. In any environment where there may be moving objects or bodies, or any detection of radiation, multipath may be experienced. This fading effect is an effect which should be taken into account in any radio communication system design.

Multi-path fading effect is basically a result of a transmitted signal taking multiples paths to its destination/ receiver. The reflections causes the signal to arrive at the receiver with different paths and lengths. Furthermore, the result of this effect is due to the phase shifting of the signal which causes the eventual fading.

2.4.3.2 
Shadowing

According to Blaszczyszyn and Karray (2011), shadowing is when the received power of the electromagnetic wave/signal deviates from an average value. Varying over different geographical area and/or with the frequency of the radio signal, this phenomenon is caused by obstacles affecting the signal propagation. Shadowing is one of the challenges posed by wireless radio channel and is caused by obstacles between transmitter and receiver that causes signal power to attenuate through the reflection, scattering, diffraction and absorption (Goldsmith, 2005).

2.4.3.3 
Pathloss

The dissipation of the radiated poser as well as the effects of the channel propagation causes what is called path loss (Goldsmith, 2005).

2.5 
Propagation models

Based on the function of frequency and distance, radio propagation model is a mathematical formula that empirically characterises the predicted behaviour and/or waves of radio signals from transmitter to receiver. These models are basically used to determine or describe the way radio signals are propagated from one point to another; they are used to predict the path-loss along a link of a transmitter. This is because all radio frequency (RF) energy that is transmitted incurs pathloss using propagation of electromagnetic waves from source to destination.

Walls, people, furniture and other objects that include the multipath phenomenon, seem to affect the received signal strength. (Hung, Saragas & Webb, 2009) Therefore, an accurate model of signal propagation is necessary to determine an indoor location with the use of wireless signals as reference. Moreover, they mentioned that multiple models are thereby considered for accurate simulation of these effects. They are explained in the sub-section below.

2.5.1 
Indoor propagation models
Literature has revealed numerous studies of indoor propagation; these being experimental and others theoretical (Alk et al., 2006). In the past decades, a considerable interest was seen in the prediction of radio propagation for indoor environments. This was because of the variety of applications that were largely extended for use in indoor wireless communications (Belu, 2002), (Radian et al., 2003). The development of these empirical models helps visualize the phenomenon of signal propagation for different building of changing indoor environments (Alk et al., 2006).
Hung, Saragas and Webb (2009) mentioned that it is necessary to develop an accurate signal propagation model using wireless signals as references to accurately determine and indoor locations. Because of many factors like walls, people, furniture, multiple floors, as well as multi-path phenomenon that can affect radio signals in indoor environments and the unpredictable behaviour of signal parameters of WLAN, there are multiple propagation models that can be used to accurately simulate these effects (Hung, Saragas & Webb, 2009; Thummalapalli; Ballazhi, 2012).

2.5.1.1 
Free space model

According to Lenihan (2004), an attenuated signal that is radiated from an isotropic source via a vacuum can result in a free space path loss. Propagation in short-range line-of-sight and satellite systems take advantage of this model. When distance between transmitter and reference and propagation loss at that reference are known, free space propagation can be determined (Hung, Saragas & Webb, 2009). In this free space model, the power signals received are inversely proportional to the distance between source and transmitter. This method is computationally easy though it ignores the surrounding environment.

The received power and distance between the source and transmitter are related according to:
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where 
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Represented in dB, pathloss (PL) is the logarithm of the ratio of the received power and the transmitted power as follows:
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Equation (4)

From the above equation, the path-loss can be represented as a function of distance from the transmitter and of power at a reference point
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Equation (5) 

2.5.1.2 
One slope model

Based on the free space model, the one slope model is a propagation model that accounts for environments in non-free space (Hung, Saragas &Webb, 2009). Moreover, they added that in reality, buildings consist of mostly free space with localized distortions that are caused by walls, floors, furniture. However, this model treats the surrounding environment as homogeneous. The path-loss exponent in the equation can be explained as the constant that empirically varies with the propagation environment, where the value of
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is the path loss of free space (Lenihan, 2004). The equation is as follows:
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Equation (6) 

Depending on the environment, the path-loss (n) exponent value varies between 1.5 to 2 in indoor environments. For different path-loss exponential values used for various environments, please see Lenihan (2004). Limitation of this model is that of not treating buildings as heterogeneous objects as they are.
2.5.1.3 
New Empirical Model

This propagation model takes into account the angles of incidence also angle dependence of attenuation (Cheung, Sau & Murch, 1998) on walls and floors, and also a break point phenomenon that is commonly observed (Hung, Saragas & Webb, 2009). These propagation effects can be additionally incorporated into the empirical model to improve its accuracy. Other propagation models include multi-wall propagation model, linear attenuation model and use of the diffraction coefficients.

The empirical propagation model formula has two path-loss exponents, one for modelling loss between the reference distance and the break point, and another exponent value for modelling the losses greater than the break point. This model is an addition to the Multi-Wall propagation model as it includes and model other factors like the incident angles of propagation and the consideration of the Fresnel zone.

2.6 
Mapping

Any information or something that can be purely displayed on a map simply means that, that particular something has a location. A natural ingredient on todays' Web according to Svennerberg (2010) is mapping solutions. For doing numerous things, these solutions among other things can be used to see any location, search for the position of an address and to also get directions. Various solutions to mapping include Yahoo Maps, Google Maps and Bing Maps; to mention a few.

Mapping process involves converting the gathered information about the area to be mapped into a form that can be usable by other processes (Hung, Saragas & Webb, 2009). Moreover,  Pomp (2012) added that the mapping process means importing of the map of a known terrain or a creation of an unknown terrain. Navigation processes, aided by the maps, are used to find shortest paths from the current location to a desired or certain destination within an unfamiliar area; determined by the positioning techniques.

With another characteristic of navigation system being how the navigational instructions are to be presented to the system users, maps are “planar representations of parts or all of the earth’s surface” (HLW03, p77). There are also used to display or visualize positions of objects and relations between objects.

2.6.1 
Indoor mapping
Most maps currently focus on outdoor environments, although time spent indoors is more than that spent outdoors (wiki.openstreetmap.org). As mapping solutions are one of the important aspects in navigational services within buildings, there is still however a challenge posed. The above mentioned difficulty was due to the lack of obtaining accurate information about a position and the challenge in creating the indoor maps (Link, Viol & Wehrle, 2012). The creation of indoor maps is in-turn posing difficulty as the size of buildings; particularly public buildings like libraries, railway stations, shopping malls, etc. are increasing, their internal structures are also getting so complex (Goetz & Zipf, 2012).
2.7 
Path finding algorithms

Efficient communication route information is another important aspect of indoor navigation. With a good form of route presentation, way finders are enabled to easily find their way with little cognitive load (Gartner, Huang & Schmidt, 2010). This part of the system consists of graphing functionalities and routing algorithms (Hung, Saragas & Webb, 2009); the navigation system is the part of the system that is responsible for determining an optimal route (shortest route) to a destination.

There are various ways of presenting routes in indoor or outdoor environments. As a result of mobile maps differing in scale, content and style, for indoor route communication, effective different types of maps should be evaluated (Gartner, Huang & Schmidt, 2010). Most systems propose the use of a map, textual instructions, images or video, which according to (Lijding et al., 2006), requires users to look at hand-held device and that makes the system not easy to use.

For the choice of shortest path route, there exist several routing algorithms which include Dijkstra's Shortest Path algorithm, A* algorithm (Miu; Smith, 2002). Other algorithms such as Bellman-Ford algorithm, Minimum Spanning Tree (MST) and Kruskal's algorithm (Lenihan, 2004), are available for path planning. The graphing functionality is important to help determine the destination that the user wants to go to, when the current of user is well known (Hung, Saragas & Webb, 2009). With the already constructed graph, the position can be mapped to a point on the layout map in order to display. This process is called map matching or mapping technique (Hung, Saragas & Webb, 2009).

Path-finding, which is also known as pathing in some literature, is a term called when a computer application plots its shortest path or route between any two points. Pathing algorithms are basically used to search a graph formed by nodes in the network. This heuristic search basically starts at the vertex of the graph and traverses adjacent nodes making its way until the destination point or the node is finally reached.

According to Hart, (2013), a graph is represented by vertices (a set or group of objects) in which cases some of these sets are connected by edges, also called links in networks. Below are examples of basic simple graphs:
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Figure-2.10 shows a graph of edges with no orientation; this is called an undirected graph. While Figure-2.11 presents a graph with digraph (directed graph), where arcs (edges showing directions) uses arrows to represent the flow from one node to another.

Because graphs may be harder to traverse, to avoid the possibility of getting stuck in a loop, the search needs to simply remember the point it has been before. With current computer networking technologies, there are many topics explored and researched relating to graph theory. These computer networks greatly rely also on the shortest path algorithms (SPAs), where without the SPAs, there would be no direction where network traffic goes (Hart; Sandin, 2013). Thus it is important for network traffic not to loop.

There are various types of algorithms which each uses a unique method to find the shortest path between routes in the network. The shortest path to get to the destination is determined solely on the shortest path or number of nodes. Explained below is a brief explanation of the investigated common graph traversing algorithms.

2.7.1 Dijkstra's algorithm

This classic algorithm was developed for the purpose of the graph with edges of weights that are different (Stout, 1998). For finding the shortest single-source path in any given digraph, Dijkstra's algorithm is one of the widely used methods. This basically means the algorithm uses the digraph to determine the shortest known paths from a vertex to all other vertices (Juzoji, Nakajima & Kitano, 2011). The purpose of the algorithm is to best determine which vertex to move from next. In other words, the Dijkstra's algorithm is also known as an instance of programming.

According to Skiena (2008) and Sedgewick (1998), Dijkstra is the SSSP that solves the problems that are related to the Floyd algorithm. And the idea is to discover and solve the shortest path the destination node. Additionally, with regard to this, the algorithm is correct if the weights are non-negative (Johnson, 1973), (Mehrotra & Budhiraja, 2014). In 2012, Deng et al., explained that this widely used algorithm is easily implemented in classical graph theories and is represented in real numbers. However, parameters in most applications are not precise and its inability to handle vague information calls to make modifications. Moreover, they mentioned that there were still issues to be considered when using the Dijkstra's algorithm.
2.7.2 
A* Search algorithm
Variant to Dijkstra’s algorithm, A* algorithm heuristically improves the behaviour of the search relate to Dijkstra’s algorithm; it is highly efficient in finding variable or low cost-path (AlShawi et al., 2012). This graphic search algorithm is considered as the best intelligent algorithm as it combines both the merits of breadth-first and depth-first algorithms.
Using the heuristic methods such as the BFS and DFS, the A* algorithm has is characterised with slow searching speed and can fall into a state of a failed search when used in unknown environments (Yao et al., 2010). They further mentioned that this algorithm is different from other search algorithms in that it does not traverse the map and all node entirely. For more information and operation of this algorithm please read a paper by Lui and Gong (2011).
2.8 
Summary of chapter

Chapter 2 mentions and explains the basic factors that other researchers consider important and those that might be of great concern when building the indoor localisation and navigation systems. Firstly, navigation systems are made up of two systems, the positioning system (which is the base of this research) and the navigational application. The fundamental aspects of the positioning systems are: the used infrastructure, the technology implemented, positioning signals used such the widely used RF signals, the signal metrics/parameters from the signal used like, the RSS, or arrival time of signals, the positioning algorithms which use the signal parameters to compute and determine the location of the users.

This chapter presents the Wireless Mesh Network which was the network topology used in the test-bed experimentation. Since the research used the Wi-Fi technology, the authors then gave an overview of the different aspects of the system development and implementation, and some factors that could affect these indoor positioning systems. These include the mechanisms of scattering and reflection of signals as they propagate and traverse the network. Moreover, during propagation, there are factors like pathloss experienced which weakens the network signal parameters. Furthermore, due to these factors of pathloss as a function of distance, the indoor radio propagation models are introduced. For an accurate location determination, an accurate propagation model is also needed so as to model and simulate the effects of signal propagation.

The chapter also give a discussion on the mapping solution which could be used to point out the exact location of a map or to help navigate from computed start position to the desired destination or end point. In this research, the chosen solution for the mapping was the OpenStreetMapping which is an open community project allowing anyone to contribute. In addition to the mapping solution, pathing mechanisms (graphing functionalities and the routing algorithms, as the Dijkstra's algorithm) are introduced for the purposes of navigational services. 

CHAPTER THREE: 3.0 Research Methodology

3.1 Introduction

In a common parlance, research methodology refers to how research is or was done, and in its sequential logical manner. Kothari (1990) and Mouton (1996) describe methodology as ways, means and/or methods with which something is done. This means of methodology consists of problem enunciation, hypothesis formulation, collecting data, fact analysis and finally laying down the drawn conclusions (Kothari, 1990).

This chapter explains in detail the research methods used in this research study; the work plan of the research (Rajasekar, Philominathan & Chinnathambi, 2013). The research approach took was the particularistic (Welman, Kruger & Mitchel, 2005) type, where the study took an interpretive approach to research and by specifically making use of an experimental research method to put together different phenomena and develop the system.

The deductive nature of the study required me to use an experiment whereby a “real-world” environment was used so as to test and conclude on my assumption of that, using multiple positioning methods will help design and develop a positioning system that is increased in performance as opposed to using a single individual positioning method.

3.2 
Research design and approach

To have control over the factors that could cause deviation from the findings or the validity of the research study, a blueprint of the study needs to be constructed. According to Burns and Grove (2001), a well-designed study increases the chances of researchers to finding and producing intended information. This helps and guides the researcher from somehow not deviating from the intended study.

Babbie (2006) explains and differentiates between two known research approaches: quantitative and qualitative techniques. The former refers to a systematic and objective use of numerical data, while the latter findings are on measures in terms of quality; rigorous presentation in textual form using words (Maree, 2007).

To discover answers to any questions relating to research information, with the use of scientific procedures, there are a number of groupings with which objectives of research fall into and can be used. Babbie (2010) names those objectives or purposes as: to explore a topic, describing an event, a process etc., or an explanation of causality between events or variables. The latter can be seen as hypothesis testing where a hypothesis is tested for a causal relationship between variables.

Explained by Bouma and Atkinson (2005), and Neuman (2007), there are two types of research: applied and fundamental research types. Since the applied type aims at presenting a discovery to solutions from a practical problem, fundamental research type is then aiming at solving qualitative solutions. Furthermore on applied research type, an empirical research is said to be applied in nature, and an experimental research method is an example of an empirical type of research.

The first thing done in this research was to provide a working hypothesis or rather an assumption or a guess that using multiple positioning methods will improve accuracy of the positioning system that is desired to be built. The second step was then to gather information or collect data on the various positioning methods by use of literature analysis method. The gathered data was to find out how these methods can be should and could be used in combination to form a multi-positioning system.

The third step was then the experimental set-up stage where the collected data was manipulated and methods used in combination to test the assumption and bring fourth the desired information. In conclusion, this study attempts to meet the explanatory purpose of the research, and test an assumption by use of an experimental research design.

Differences between Quantitative and Qualitative research approaches

Table-3.1: Table showing differentiating between Qualitative and Quantitative research approaches
	Quantitative
	Qualitative

	Results are measurable
	 Results are interpretive

	Objective
	Subjective

	Deductive reasoning
	Reasoning is inductive

	Setting is experimental
	Use of natural setting

	Theory testing
	Develops theory


3.3. 
Units of analysis

In social research, the study or the focus of the research is called the “what” of the study. Basically what this means is, what or whom is to be studied. This is normally referred to as the unit of analysis. It is said by Babbie (2010), that although the study of  units of analysis may seem a bit slippery, distinguishing between the units of analysis and the aggregates is considered very crucial in research. Units of analysis may also be called the units of observation. Thus, to study a certain thing we would have to study the behaviour of that particular thing. In any case, the conclusions wished to be drawn from these units of observation have to be well anticipated.

With that being said, in this research study, our units of analysis are the Wi-Fi signals' arrival time and their signal strengths from the transmitting device to the destination device in a certain topological network called a mesh. Because we are dealing with an indoor situation, observations are that of the behaviour of the signals in indoor buildings. We use the time of arrival Wi-Fi signals to calculate the distances between the source and destination. This calculated distance will be fed into a trilateration algorithm to further calculate the “exact” position/location of the source.

Put more simply, the conclusion we wish to draw from this particular research study is whether the choice of our topology (mesh network), the use of Wi-Fi signal arrival time, Wi-Fi signal strengths, the trilateration algorithm and the idea of fingerprinting method would help improve the performance of the positioning system. Moreover, with this conclusion, we could be able to determine if and how the positioning can be enhanced.

3.4 
Data collection/gathering method

Because the units of analysis in this research or the positioning measurements dealt with were the RSS and the signal ToA, the data collection was performed through an observation method. The choice of the data gathering technique is strongly influenced by a variety of factors. To mention a few, these are, the strategies to be used to collect the data, the variables measured or collected, the point of data collection and also thedata, level of accuracy required. In our situation, the variables measured were the Wi-Fi RSS and the ToA over a specific area inside the building.

Due to the need for high accuracy, the information was collected using the software tool called kismet, which is a network analysis tool that runs on Linux. This tool was ran in parallel with the execution of the ping command to collect the ToA (RTT).  However, kismet results were chosen over that of a ping command, because the latter method is not quite accurate with the timing. These tools were run separately for about 5minutes at each point of collection where the AP were installed.

Another tool used on the devices was the Iperf software tool which was also run for about 60seconds to collect the information of the network with regards to its performance. Moreover, the known coordinates of the APs were extracted from the JOSM software tool during mapping process. The overall results collected were then saved in log files which were later manipulated for further analysis.

3.5 
Data analysis methods
In research process, the collected data can be too large and sometimes comprises of wanted and most likely unwanted data. Therefore, data analysis is an important stage in research where data is inspected, transformed and manipulated in ways which to help extract only the needed and useful information. In this study, we took a quantitative data analysis approach because of the study's precise nature of statistical techniques. The analysis method used was the statistical analysis method (Rajasekar, Philominathan & Chinnathambi, 2013), which is said to be a quiet involved analysis technique.
The initial analysis of the data collected was in different techniques. The analysis techniques used included, percentages, measures of variability and that of central tendencies like; mean, median and deviation. Moreover, the method used for data modelling was a data modelling tool called MATLAB, which later presented the information using graphs and tables.

3.6 
Summary chapter 

Chapter 3 explains in details the way this research was conducted and the methodology it followed. The study took an experimental method of a quantitative research type, which is said to be deductive in nature. An approach was to work with a hypothesis that combining or hybridising the positioning methods would improve and enhance the positioning systems. To try to prove this, an experiment was conducted and sample Wi-Fi RSS and ToA signal parameters were collected using different methods. After the data collection, analysis of the sampled data was done and then presented in graphs and tables. In conclusion, calculations and positioning algorithms were performed. 

CHAPTER FOUR: 4.0 System Design and Implementation

4.1 System Design

This chapter discusses the system design and its implementation. Section 4.1 and its sub-headings start by considering the design of the system to be build or/developed. These sub-headings entail the system requirements, goals of the design, the approach taken and the user interface design.

4.1.1 
Resource requirements

Table-4.1: Table showing the software required
	Tools
	Description

	Ubuntu 12.04 OS
	Development Environment
	

	Android and Java SDKs
	To embed the map and develop the positioning and navigation system
	

	Afrimesh
	Network Management Tool
	

	SPUD
	Alternative Network Management Tool
	

	Kismet
	Linux Wi-Fi Analyser Tool
	

	JOSM
	OpenStreetMap Editor
	

	InSSIDer
	Wi-Fi scanning tool
	


Table-4.2: Table showing the required equipment/hardware
	Hardware
	Description

	Android device
	Terminal to be located running the OS, Server/Database

	MeshPotatos
	Acting as APs

	Zyxel Wireless Network Card
	Wireless Network Card

	Laptop
	Measuring device and terminal to be located


4.1.2 
Design goals

The goal of this system design was to develop an application for a device (assumable to be mobile) which will locate/position a user and help them navigate to a desired location (a room) within a building. With all the features devices have, this did not only use the internal features of the device but used the features of external technologies like the IEEE 802.11 Wi-Fi technology.

The developed application had information about the contents and building layout that gave the user correct instructions to help locate from their calculated current position. The positioning/localization of the system was through the “cooperative” capabilities of the mesh nodes in the mesh network. The goal was to use all nodes to help each other in transmitting the network information to those nodes that are not directly connected. The multi-hopping feature of mesh networks is helpful as the nodes re-route traffic even to/from nodes that are not within communication range.

The lateration technique; trilateration to be exact, needs about three or more reference points to act as anchors for calculating and helping position the device. The approach taken tested and also took into consideration the use of the multi-hop feature where the fourth AP was not in the range. This tests and experiments how the positioning measurements differ and how unbiased they would be.

4.1.3 
Overview and plan

A wireless mesh network with a storage server was installed on the second floor of engineering building in the Cape Peninsula University of Technology (CPUT) Cape Town, South Africa. The coordinates, signal strengths and ToA measurements of the mesh routers forming the mesh network together with distances between them were pre-recorded and calculated then stored in the storage server.

As the user joined the mesh network, the Wi-Fi signal strengths were recorded from the transmitter to the mesh APs and the signal RTTs were also recorded from the terminal to the mesh APs in the network. Moreover, the coordinates of the APs were also recorded. Using this information, the RSS and the signal RTT were used to calculate the distances between the user terminal device and each mesh AP device.

In the online phase, the distance calculations from the RSS and the ToA measurements were compared against each other and any match or close match found was the reading used as the calibration for the positioning phase. Positioning part of the system used the trilateration algorithm to estimate the user device’s position using the distances between the mesh APs and the user device, and the pre-recorded coordinates of the APs. Network access was on the server side, while the positioning application was written in Java programming language and implemented on the client-side solution running android OS.

4.1.4 
Conceptual model
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Figure-4.1 above abstractly represents or depicts the system supposedly developed. As the figure shows, the laptop, was the device that is located and the server. The network (mesh) is implemented and up of the MP devices formed in a network topology as shown in the below figure (figure-4.7) and the laptop connecting to the network.

The location/positioning is the block representing the positioning system. This block represents all the calculations and algorithms used to find the position of the device. This calculations are collected by the user device using the network signal parameters. The calculated position information was used by the mapping block to convert the building's layout information into information that could be geographically displayed on the map.

Lastly, the User Interface (UI) block represents the positioning and/or the navigational application to display the previously calculated user device position on the mapped building and help navigate to the selected desired destination within the building. The display is usually done on the user device.

4.1.5 
Measuring system

As mentioned earlier, a ping command was issued and executed from the laptop to several MP devices across the experimental area within the building. To avoid extensive, a script was written to read the IP addresses from external files and ping all those IP addresses of the devices then saved each device's log output to a specified separate file. This made data collection much easier and so it avoided intensive labour of having to write down all the ping outputs for all the MP devices. The script was written using Unix Shell (Bash) and the awk tool (a C-like input programming language, which is normally used as a versatile extraction and reporting tool).

The awk tool was embedded in the bash script and was used to only output the last column of the ping output which was the RTT results. The following is a simple script used:
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4.1.6 
Mapping approach

The very first task in this project was to deal with the mapping solution. As one of the solutions that provide collaborative work, OpenStreetMap (OSM) was used as the mapping solution. OSM is more of a wiki-map solution services whereby anyone can and may do the adding and the editing. The project provides flexibility of allowing any map creator/editor to render their created maps however they wish. However, the main map on the OSM server is rendered using the Free/Libre Open Source Software (FLOSS) rendering software.

Because the OSM solution is “open”, the map was created offline using the desktop editor called JOSM (Java OSM). This desktop application editor is quiet extensible, written in Java and together with some extra plugins, utilization of certain functionality is made easier.  JOSM runs on Windows, Linux and Mac OS. The use of the editor could be by uploading of fresh GPX tracks and GPX data straight to the OSM server or by editing and loading the created nodes, ways and tags and relations of the mapped building from the OSM database.

After the installation of the software editor, map data was downloaded for the OSM server and the latter method of editing was used. PicLayer is the plugin that was needed to enable the loading of the blueprint of the building and have it displayed as a JOSM layer.
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Figure-4.3 above and figure-4.4 below show the data of the map area in OSM as it was edited. This is the area where the map layer was created and the map edited. The figures show the use of the data primitives used when editing the map. As the screenshots show, the nodes are drawn and tagged depending on whether they are doors or windows, indoor or outdoor. Moreover rooms are drawn with use of closed ways and like the nodes, they are tagged if they are ways or rooms if they are closed. In addition to the tags, rooms are given names and open ways are tagged whether they are accessible via wheelchair or not.

Moreover, Figure-4.5 depicts the layout of the mapped building as it was edited in JOSM. Because this was done incrementally, some of the editing and increments were done online using the online OSM editor Potlatch 2, also known as P2. Potlatch 2 is another tool in OSM which is based on its predecessor potlatch 1, and has major functionalities featuring the WYSIWYG rendering and support for OAuth which allows deployment in other websites. After the edits were done, the map data layout was uploaded on the OSM server.
[image: image44.png]



[image: image45.png]Java OpenstreetMap Editor

ayer Audio Help

L)L A ¥ @) R [HX| [ |

Layers
7 data.osm

Properties / Memberships

= multipolygon (*

2 mult
S | multi
T mult
T mult
T mult
T mults

olygon (
olygon (
olygon (
olygon (
olygon (
olygon (

Command Stack

@« Validation Results
B Changesets




[image: image46.png]



Map data from OpenStreetMap can be accessed as an eXtensible Markup Language (XML) structure consisting of nodes, ways, areas, and relations, which can be annotated with arbitrary key value pairs. Indoor nodes can be annotated using a combination of the following keywords:

· Indoor = yes (If using indoor environment)

· Level = * (level of building) 

· Id = * (node identification)

· Name = * (Name of building)

· Door = yes (if door)

4.1.7 
Network

The network structure consists of the four mesh routers making the full mesh topology, forming the core of the network. The mesh topological was chosen due to the multi-hopping feature in mesh networks which was seen to be advantageous in the Non-Line-of-Sight (NLOS) situations.

A client mesh device was connected to a mesh network and the routed packets were directly connected to two mesh routers acting as gateways to the non-mesh clients. The mesh client was however part of the mesh network and it acted as a database/storage server and virtualization server running Afrimesh. Moreover, this client node was connected to a standard router which was in-turn connected to the Internet. In this case, a mesh client was a standard laptop and was a Mobile Terminal (MT) which was to be located.
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4.1.8 
User Interface

The developed application consists of two operational modes: The “calibration” and the positioning modes.

Every time the user starts the application the window below is presented to open the application features.
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The first mode is the calibration mode which the user enters first at the beginning of the first run of the application. This allows the user to collect, record or measure the signal strengths from the transmitter and the signal arrival time (RTT) from the receiver for a few seconds. The information was then used to calculate the position and was useful in providing parameters that was used in the positioning stage.
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After “calibration”, the second mode is the positioning phase. Being the core and important part of the developed system, the positioning application calculates the current position of the user then gives direction to the specified destination with the ability to re-route the calculate the route if need be. Although the application may not necessarily be used on a mobile phone per say, a user interface was developed for a mobile device to clearly show the operation of the overall software design.

In the navigation option, if the user has prior knowledge and information on the current position they may be, the position is not calculated, instead they just select their current position/room they are at and the destination room from the application drop-down list then the route is calculated and displayed. This option is however out of the scope of this project.
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In the case where users have no prior information on their current location; they just had to select their desired destination. The application then had to calculate the user’s current position at the time of navigation, calculate current user positioning the display then map on the screen with the route to be taken. Similar to most navigation applications displaying maps as navigational instruction, textual or speech instructions as the one in GPS will not be provided. Due to synchronization being a challenge between the transmitters and receivers, unfortunately a real-time distance measurements were seen to be beyond the scope of this research project.
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The Figure below shows the flow chart diagram of the navigational application sequence. Moreover, the activity sequence during each discussed scenario is depicted in the activity life-cycle diagram in the implementation stage.
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4.2 
Implementation

Section 4.2 and its sub-headings follow up with how the system was implemented and its functionalities. The inner workings (software components) of the system are discussed and how all the components fit and work together in conjunction.

4.2.1 
Platform, API and language

In any system design, and development, the choice of platform architecture and API as well as the choice of development language are crucial. There certainly are various development languages used in many written applications. Below is a brief description of some of the most chosen languages for many projects. The Apple devices; better known as the iDevices use the Apple's proprietary mobile OS; the iOS. For more information on the iOS or any information on the development based on it.

One other platform widely used by the application developers is called Android. The application in this project was written in Android application language, which is based on the Java programming language. Due to a large number of devices using this platform, Android was our choice of development environment. Moreover, Android comes with many APIs and so this feature together with the Android's Open Platform makes the Android projects more compatible with a large number of devices.

Along with the Android API, Eclipse IDE was used to develop the main application to extensively best customize the workspace environment. The android mapView library makes the tiling and map loading quick and powerful. Figure-4.14 depicted below is of a Samsung S3 mini device which runs Android OS, and is similar to the device which was used to test and run the developed application.
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4.2.2 
Class Structures

It is said that the Android applications are made up of activities, and any application has to contain at-least one activity. Basically, activities are similar to forms or windows in other programming architecture (particularly for Windows programmers). Activities are basis for the UI and its interaction with other classes. In this project we call them Activity Classes. Activity Classes are used to interact with the Basic Classes which in turn interact or call onto the Assisting Classes.

4.2.2.1 
Activity Classes

StartActivity

This activity is the start of the activity class. It can be seen as a menu, which is normally the first window presented to users when running an application. In our case, if a user choose to start the application and had an idea or knowledge of their current location, the application navigated straight to the second activity where the user had to select their desired destination. If the user decided not to go on with running the application, the exit button was there to close and exit the application.

CalibrationActivity

From the first window, if the user had no prior knowledge of his or her current location while running the application, the next window they were directed to was the calibration activity.  This activity was where the “calibration” process took place. In this case, calibration basically meant adjusting or setting a range of accuracy in the measurements.

However, CalibrationActivity used the RSSI updates from the Wi-Fi and the RSSI from the radio map in the database. These requested updates were from the fingerprinting process and were used to calculate the distance; estimated distance that were to be compared with the distance estimated from the ToA measures. This comparison helped, allowed or enabled to use of an algorithm to choose and pick the distances close to the best match (from RSSI and ToA).

On the CalibrationActivity, the user was presented with an interface of a loading progress bar. During this process, the mobile device connected to the Wi-Fi network received the RSS from the nearby APs in the mesh network, calculated the distances and used the matching algorithm to match the distances with those estimated using the ToA and RSS data. In this project, the required accuracy was that of at-least 1m to 3m, hence the differences between matching distances needed to be around 1m to 6m.

SearchDirectoryActivity

The SearchDirectory is a class created for the navigational purposes, which may be added as an extension to the positioning service provided by the Android application. Although the Android API is a powerful tool which provides the SQLite database functionalities, our “databases” were more of simple files. The file to store routes was extracted from the OSM server as a graph and was embedded in our mobile application with an osm extension. In this activity, the interface shown to the user is a spinner loaded with the room numbers of the building for the users to select their destinations from.

DisplayMapActivity

There may be several functionalities in this activity. The DisplayMapActivity is an activity class which displays the map of the building area of interest; the one mapped. This class is responsible for displaying the calculated or estimated position and/or the route between the user's current position and their destination. Because the route is a linked list of vertices between the start and end, if a user already knows their current location, the route is extracted from the graph created from the OSM server. The graph file contains a list of nodes and links which then are programmed for navigational instructions using the path finding algorithms. For just displaying the mapped building, the application uses the tiling and rendering of the map accessed directly from the OSM server.

4.2.2.2 
Base Classes

The base classes are the classes that provide the main functionalities in the application. These classes interact with the activity classes and the assisting classes. All the calculations, reading and writing to and from files, are performed by these classes.

Positioner

PositionerActivity is the most important activity in this application. It basically calls onto most if not all the classes, particularly the Wi-Fi activity. The PositionerActivity is a class where the distance estimates, are used in the trilateration algorithm to estimate the current position/location of the user.

Graphing

The graph class is a base class which uses several assisting classes to create/present a graph of the mapped building. This class uses the Android XMLPullParser API as an interface to define the parsing functionality. Although there are other ways to parse complex documents; (SAXParsers and DOMParsers), we chose the XMLPullParser as it is said to be a much faster parser than the two examples given above.

Wi-Fi

The CalibrationActivity uses the results from the Wi-Fi class. The Wi-Fi class represents a class where all the connectivity to the network happens, matching algorithms of the distance estimations from the RSS and the ToA readings. This is the main class where the calibration takes place while the users are presented with the progress bar in the CalibrationActivity.

MapPaintBox

This class like the graph class uses several other classes used to display a map of the building in the DisplayMapActivity. The MapPaintBox makes use of the canvas which creates and all the drawing procedures to the canvas. This class loads and renders map tiles from the server to the mobile device, then displays the chosen tiles as a map. This is where all the map drawing are taken care of; which map tiles to be loaded, what size and the size of the display area.

4.2.4.3 
Assisting Classes

The assisting classes are non-functional in this application on their own. However, they are of great use in combination with and for other classes. They mainly define, store and control the data used in the whole application. This classes are used by basic classes which in turn produce results or outcomes of the application on the UI via activity classes.

A few assisting classes from our application include the SurfaceThread, which is used to repaint the graphics as the surface is created and destroyed. Tiles class is more like a constructor class defining the zoom-level, and the coordinates (which tiles and what size to be downloaded).  The Nodes, Links and Coordinates, are classes used to define and maintain parameters (found in the OSM/XML file) for the Graph class.
4.3 
Summary of chapter

The system design sub-category starts the chapter with how the positioning system was designed from an adaptation of the code of Agila et al., (2012). The system used the Linux environment, as its architecture provides for more functionalities and user-friendliness best suited for this project. The OS used was an Ubuntu on a laptop and the MP devices running an OpenWrt firmware. The Wi-Fi technology was used mesh topological network test-bed set-up for experimentation. 

Within the network, the mapping, measuring system were done to be used in the positioning system. The mapping part was done in a Java OSM editor tool and exported to be used, while the measuring system deal with the collection of RSSI with an inSSIDer tool, control frames with the kismet tool and the ICMP Echoes (pings). The Graphical Interface which was also developed for the purpose of the navigational services after the positioning is presented. 

The sub-category of the implementation of the designed system is explained in the implementation part of this chapter. This sub-chapter only mentions the development of the Android application which was written in Java programming language to be used for further ubiquity in a mobile device. The APIs used were for the mapping library and tiling of the map. Furthermore, the chapter explains how the activity classes, basic classes and the helping classes in the application eventually build a positioning system. 

The activity classes are the windows or forms with which the application shows for every activity. Within the activity classes the base classes were also explained which were used to bring functionality to the application, this includes the function of performing the calculations. Lastly, the helping classes which were non-functional but were assisting the base classes to function were also mentioned.
CHAPTER FIVE: 5.0 Experimental Set-Up, Results and Evaluation

5.1 
Technologies

5.1.1 
OpenWrt firmware
This is a highly extensible distribution of Linux as described by the OpenWrt project team (2004). The aim of the project was to create and re-design the file system package management that is fully writable. This static firmware for embedded devices provides and allows for capability of customisation of devices and supports software installation that would suit and meet the user's needs. In practice, the OpenWrt firmware is a fully featured OS that is easily modifiable for embedded devices (https://openwrt.org), (wiki.openwrt.org), (Aimuanmwosa, 2010).
5.1.2 
Kismet
Kismet is an 802.11 open source application working at the layer 2 as a wireless network sniffer and analyser (Pesce, 2006). This network detector software runs on Linux/Unix and Mac OS but has no support for the Windows OS. However, equivalent or similar to this passive Wireless Network Interface Card (WNIC in monitor mode) sniffer is the NetStumbler software tool for the Windows supported machines (Murray, 2009). With Kismet, any 802.11a/b/g/n protocol complaint to wireless networks can be discovered. All the logged and reported management data packets, from the detected networks, can be sniffed and analysed. Moreover, in terms of security in networks, Kismet can be used as an Intrusion Detection System (IDS) (Pesce, 2006; Murray, 2009; Ekhator Stephen Aimuanmwosa, 2010), (www.kismetwireless.net).
5.1.3 
Kismet-drone

Drones are sniffers basically placed remotely to collect any wireless data from multiple locations to later report them back to the kismet server that is centralized for further analysis (Murray, 2009). Kismet drone can be defined simply as a flashed device with a firmware (OpenWrt; Kamikaze for example). This configured device is equipped with two NICs, one for monitoring the wireless network and the other for sending packets back to the server; usually on the client desktop.

5.1.4 
Kismet client and Kismet server
To control all the captured information and the server, kismet uses the the kismet server and the kismet client. The basic work of a client is to communicate with the server and later display the collected information from the server. The server on the other hand extrapolates, organise and interprets the collected wireless information (Murray, 2009).
5.1.5 
IPerf and JPerf
Iperf is a network performance measuring software tool originally developed by NLANR/DAST (https://iperf.fr) This is great for measuring and accumulating TCP and UDP bandwidth between end-hosts in a network (Tirumal, Cottrell and Dunigan, 2003). It features the various parameter tuning and the usage of bandwidth, jitter, and datagram loss and also delay (Shriram et al. n.d). An associated front-end interface is the Jperf application which is a graphical representation of the iperf software tool written in Java programming language (Phifer, 2011). This software tools run on both Windows and Linux/Unix operating systems (Kogan, 2010).
5.1.6 
Bash scripting and Awk

Bash is one type of shell scripting used in complex applications. There are other types like the Korn and C shell scripting. However, the Bash has been seen to have become the standard scripting language to many system administrators. The scripts are well useful for automation and are written where are many or a series of commands that need to be executed. The shell scripting is therefore written in a single file to be performed without retyping the commands.

Awk on the other hand is also a Unix program used to search for similar or specific patterns in texts. The front-end graphical interface version of the awk program is called gawk. This is a very powerful tool used to only look for certain patterns in texts and actions to be taken when the patterns are found. The basic function of awk/gawk tool is to search files for lines or other text units containing one or more patterns. When a line matches one of the patterns, special actions are performed on that line.

5.1.7 
Wireshark

Wireshark is the most widely used graphical application for network monitoring and analysis. It is open-source and runs on most popular computing platforms, including UNIX/Linux, and Windows. It is available for download from http://www.wireshark.org. Wireshark is a network sniffing and analysing software tool.
5.2 
Experimental Set-Up

The experiment was conducted twice. First, in a small room at the school residences; where the network configurations and connectivity was tested. Later the set-up was done on the second floor engineering building at the Cape Peninsula University of Technology (CPUT) campus. The latter measurements were taken twice; during the school-days when people were moving about and during the weekends when people were not around, and in the absence of any radiating devices that may have been present.

In both cases, communication took place between local and remote nodes, where ICMP-pings were used (transmitted and received) at 15 ms. The ToA measurements were not taken directly, so the RTT request/responses were issued and collected at several distances for about 5 minutes at each distance. The measures ranged from 1 m to 15 m from the transmitter and the receiver nodes. For the same distances, the RSS measurements were taken, but just for about 2 minutes at each distance range.

In both instances of the experimental set-up, the laptop (the node whose position was to be determined), was running Ubuntu 12.04 Linux OS with a 3.5.0-49-generic kernel. The WLAN adapter card used was a Intel card with a Pro/Wireless 3945ABG chipset installed as a wireless interface. Using similar measurement tool as Gutner and Hoene (2011), the packets were sniffed at the MAC layer with kismet software tool and the RSS readings were recorded using the inSSIDer software tool. The remote nodes were the ATCOM MeshPotatos (MPs) (Wi-Fi Mesh ATA) which were supporting the IEEE 802.11b/g technology.

The MP devices use either the Village Telco (VT) firmware which is the original firmware design for the MPs, supporting the B.A.T.M.A.N IP-layer mesh protocol or the Small Enteprise/Campus Network (SECN) firmware which uses the B.A.T.M.A.N-ADV MAC-layer mesh protocol. The latter firmware was howerver used in this research. The MPs were all equipped with the Atheros chipset supporting the Madwifi drivers, and running the Atheros rv273 firmware (OpenWrt Kamikaze). Packet traces were gathered using the packages kismet and wireshark during the network packet and information sniffing.

The laptop was used as a kismet server and was configured as an afrimesh visualization server to monitor and analize the network performance. The remote network nodes (MPs) were used as kismet clients to connect and comminicate with the kismet server. One of the MPs was used as a drone to collect the monitored nodes' data for analysis. This wireless mesh topological network was used in all instances and scenarios for experimentation.

5.3 
Experimental data collection
Time measurements and data collection was done using two methods. The first method was the basic ICMP-pings as issued by the OS. The second method was the use of the RTT of the RTS/CTS request/responses and their acknowledgements with the help of the sniffing software tool called kismet.

5.3.1 
Data collection with simple ICMP pings
Table-5.1: RTT readings at various distances
	ICMP ping (ms)

	At Distances
	0m
	2m
	3m

	
	5.323
	8.411
	71.239

	
	62.534
	10.439
	82.455

	
	10.602
	85.012
	69.851

	
	4.248
	49.917
	28.636

	
	32.096
	39.063
	8.627

	
	2.090
	15.238
	54.314

	
	17.652
	28.367
	6.284

	
	2.714
	26.675
	4.036

	
	27.999
	33.066
	2.307

	
	40.976
	23.748
	24.482

	
	17.617
	12.400
	11.154

	
	7.837
	36.220
	50.264

	
	2.027
	21.373
	4.465

	
	44.439
	20.154
	11.754

	
	15.150
	11.271
	4.879

	Min
	2.027
	8.411
	2.307

	Max
	62.534
	85.012
	82.455

	Avg
	19.553
	28.090
	28.983


Table-5.1 shows the measurements taken between two nodes in the mesh network with differences from the ranges of 0 m to 15 m. However, only a few measures are shown. The measurements shown are that of a simple ICMP-ping command to collect the RTT measurements between nodes in the network. From the above table, it shows that the datagram RTT is certainly and definitely impacted by the distance between source and destination nodes. As the distances increased, the delay in ping delivery also increased. Hence the round trip time also increased.

These above tests were done so as to test the delay and how other parameters are affected by distance between nodes in a mesh network. The experimentation was to basically test effects of distance in a single hop count. The readings were repeatedly taken between only two nodes, while the distance between the nodes was increased. This data collection was done on the same day, once at a certain distance. A series of about 15 pings were executed at different distance ranges.

Table-5.2: RTT throughput readings at various distance ranges
	Throughput 
	0m
	2m
	3m
	7m
	9m

	Min
	3.069
	3.651
	3.801
	5.079
	2.159

	Max
	103.919
	49.495
	128.923
	82.378
	117.463

	Avg
	18.506
	17.245
	19.541
	15.563
	10.208

	Variance
	0.014
	0.016
	0.101
	0.056
	0.002


To test the throughput, the packet size was increased from 1000 bytes to 1408 bytes. Table-5.1 and Table-5.2 above show the delay and throughput readings using the batmand routing protocol which is the VT firmware.

Table-5.2 above shows throughput taken 5 times at each distance range. The measurements are that of the same scenario (test-bed setting) used above for the delay experimentation, using the VT firmware, between only two devices. Just like in the above scenario setting, the experimentation was done on the same day and the iperf tool was run 30 seconds during each all throughput data collection. According to this table, the variance at lower distances seem to be smaller and increased as the average throughput decreased.

The throughput and delay parameters used the UDP parameter. Just like the delay parameter, the thoughput in the network is greatly affected by the distance between the transmitter and receiver. As shown by Table-5.2 above, the distance is also inversely propotional to throughput; an increase in distance led to the decrease in the network throughput.

Below is the results showing an interface of the iperf while testing the network performance:
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The figure above is a screenshot of the command which where the iperf application was executed. In this case the, the UDP parameter of 1470 bytes datagram were sent across the network and throughput of 41.2 Gbits/sec; 144 GBytes in 30 seconds. This is the information captured by the kismet server, and the protocol used was the batman-adv running on the SECN firmware.

Table-5.3: The second experimentation data collection
	ICMP-Pings(ms)

	Delay
	MPc
	MPd
	MPe

	
	28.6
	27.8
	11.3

	
	6.01
	6.07
	1.60

	
	6.10
	6.10
	1.62

	
	6.17
	6.12
	2.13

	
	6.21
	7.32
	1.65

	
	7.01
	6.25
	3.10

	
	6.36
	7.27
	1.51

	
	8.71
	6.33
	1.73

	
	7.25
	7.12
	4.24

	
	6.30
	6.15
	1.62

	
	6.21
	6.28
	1.60

	
	5.13
	6.34
	1.61

	
	5.43
	5.24
	1.62

	
	5.11
	6.49
	1.61

	
	8.24
	4.00
	1.62

	Avg
	7.933
	7.666
	1.511

	Mdev
	5.633
	5.452
	2.457

	Time
	14017
	14017
	14020


The second measurements were taken two days later on the second floor engineering building at CPUT in an open space where the MPs were places with known positions. The placement of the devices was at random and the at different height levels. Some MPs were placed on wooden tables while the other was on a plastic chair. This time around, the devices were running the batman-adv routing protocol for a change. The change of routing protocol was to compare how and if the readings/calculations would be affected.

The data readings above are the ping results collected between a laptop and the four MP devices. 15 pings were sent from the laptop to each MP device. From Table-5.3 above, the results show that although the devices were placed apart from each other, the time it took for all the 15 pings to be executed was almost the same. Also the average RTT measurements from two readings report almost the same, while the third reading (MPe) reads less than the others. Additionally, the average measurements are greater than the mean deviation reading in the first two devices but the opposite in the one MP device.

The table shows the average values of the signal round trip times from the time ICMP command. The mean deviation and the time it took for all the 15 executed pings to traverse from the source node to destination node. 

Furhermore, more results were taken and the final results experimental data collection with the ping command and with a higher ping count of 50 and then again with 100. The data collection method was with a written bash script and the awk tool. The use of the script was to execute the ping command from the laptop to all the remote MP devices' IP addresses without having to ping the devices one by one. The embedded awk commands in the script searched the output results as executed by the ping command and only logged or wrote the rount trip times to four separate output files corresponding to each device's IP address.

The iperf tool was used to test the performance of the mesh network in terms of  bandwidth usage, delay and throughput parameters. The comparison was made for these parameters between the two mesh network routing protocols, batman and batman-adv routing protocols. 
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Figure-5.2 is a screenshot of a ping command output. This shows the number of packets sent, lost packets and/or received packets, and RRT details. Using the awk tool, only the last column showing the RTTs in ms were the ones recorded and logged in the text output files.

5.3.2 
Data collection using RTS/CTS responses

A month after the data collection with the ICMP ping command, the same experimentation was repeated but this time using the sniffing and analysing tool called kismet. See Appendix   B for the sample data sniffed with kismet.

Because the sniffed data was a lot, a script was used to filter out the data for the specific IP addresses. The ToA data used was that of the control data packets in the network (RTS/CTS) frames. See Appendix C, D and E for information in the RTS, CTS and their corresponding Ack frame. It can be seen from these data that each frame transmitted and received contains a time stamp information. As a two way ranging ToA calculation method, it is the time it takes a transmitter to send a signal to the receiver and the time it takes the receiver to send a response signal back to the transmitter.

As the data result from the frames sniffing shows the times stamps, the two way calculation of the ToA ranging is:
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from Equation (1)

Table-5.4: Table showing average delay against distance
	Distance
	Average delay (ms)

	0
	11.298 (0.753)

	2
	23.714 (1.581)

	3
	26.165 (2.744)

	5
	36.290 (2.41)

	9
	59.288 (3.953)

	12
	77.017 (5.134)

	15
	101.354 (6.757)


After extensive analysis of the ToA and RTT from the kismet log files, the RTTs were taken against the distance ranges. Table-5.4 presents the average value; delay times of the request/responses in the network. The kismet tool was run for about 5 minutes at each distance range and this experimentation was repeated three times at different days. The delay increases as the distance increases. Moreover, in the brackets, the variance is shown and at each distance, these values show the variance of the signal round trips.
Table-5.5: Throughput against distance
	Distance
	Throughput (kilobits/s)

	0
	50.597 (3.373)

	2
	48.03 (3.202)

	3
	39.174 (2.612)

	5
	33.002 (2.200)

	9
	30.150 (2.01)

	12
	21.003 (1.400)

	15
	19.9006 (1.327)


The table above contains the thoughput values against the distance measurements. The each value is an average/mean calculation of throughput as measured with an iperf tool for about 2 minutes at each distance range. Next to each value the variance is shown in brackets.

5.3.3 
Data collection with inSSIDer software tool (RSSI)
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The table above shows the sample results of the RSSI readings taken using the inSSIDer Wi-Fi scanning software tool and the corresponding distances.
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The performed results in the table above were done to show the relationship between the receiver power level and distance with the use of the free space signal radio propagation model. As mentioned previously in chapter 2 why radio propagation model is needed, the idea was also to determine any errors; path loss in the signal propagation. However, no filtering was used to remove any noises or smoothen the resulting values.

A good power level prediction requires the use of a modelling or simulation of the results data with the propagation constant n. As the value of this constant differs depending on the environment, the chosen value was  n = 1.93. This value depends heavily on the parameter of power level at a fixed distance of 1 meter. Thus the selected value of this parameter was X = 44.5. The graph output shows a better estimate results.

The free space signal propagation model and the path loss are normally used in LOS environment where there is free space. However, the modeling method was used in NLOS environment within a building where walls and glass doors were obstructions between the transmitter and the receiver.
5.4 
Distance Calculations

Because on the link, RTT is two times the propagation delay in the network, minimum RTT is equal to:
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Equation(7)

Equation(11)
Where d is the distance between nodes and c is the speed of propagation.
Keeping in mind that the signal propagation speed is equal to that of propagation of light; 3*108 m/s. Correlation of RTT with distance is very important as the delay can cause and yield very unbiased time measures (Lepak & Crescimanno, 2002), which in turn results in imprecise distance calculations.
The distance in a position estimation is needed to help in the decisions of the handover times or finding the optimal route in the mesh network (Gunther & Hoene, 2011).
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The Figure-5.5 depicts the clear correlation between the actual distance and estimated distance. The distances were estimated using the RTT measuremets against the actual distances between the MP devices. This was done to test the time of arrival estimation using a simple ICMP ping. From the results shown by Table-5.4, the estimated distances show a significant errors. The results above are from a sample of data when using the batmand-adv routing protocol.
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The experimental results shown in the above figure are that of estimated distance with the correlating ToA calculations they were derived or calculated from. These ToA measures were calculated from the ping command's RTT from source to destination MPs at several distance ranges.
5.4.2 
Distance estimation using ToA from RTS/CTS frames
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Figure-5.7 above depicts the estimated distance calculation against the real distances from measurements obtained with the kismet tool data. From the graph, it shows that there is a large difference between the estimated values and the actual values. Although Ciurana,  Lopez and Barcelo-Arroyo (2009) 's work is similar and related to this study in that both studies make use of the ToA RTS/CTS frames, the results are a bit different. 

Results from this work showed real distance measures to be larger than the estimated distances as opposed to their work having estimated distance values larger than the actual distance measurements. This could however be due to the use of different data collection methods as they used the software-based method.
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The figure above is a screen-shot of the graph of the mean RTTs taken against the estimated distances. The graph shows that the estimated distances values are inversely proportional as the graph gave a straight line.
5.4.3 
RSSI distance estimation

The use distance estimation was done using the RSS on the basis of the free space propagation modelling. The estimation was to calculate the path loss of signal during propagation to the receiver.

Table-5.6: Estimated distance with Real Distances
	Actual Distances(m)
	Estimated Distances(m)

	1
	2.5

	2
	3.3

	4
	5.7

	6
	7.21

	9
	11.8

	12
	14.7


The table above shows the distance results calculated from the free space path loss model and compared to the real distance measurements. As mention in section 5.3.3, that the test-bed was set-up in a NLOS environment where walls and doors were obstructing the experimentation equipment, the table above shows results from the estimated distances using the propagation model as compared to the actual distances.

Table-5.7: Distance error analysis of different data collection methods
	Results
	Average Mean Error

	Received signal strength vs Propagation model power level
	4.97m

	RTS/CTS
	3.09m

	ICMP Echo (Ping)
	5.36m


Show above is the distance mean error calculations. These results are basic comparisons of errors between the actual distance and estimated distance measurements. Compared to the actual measured distances, the estimated distance calculations had a few errors; inaccuracy in the distance calculations, for each method used, the mean error was calculated.
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Figure-5.9 above shows the results of the standard deviation values of the data results collected using the mentioned methods. Based on the collected data, the graph proofs that the values of the RTT ping are more spread than the values of the other used methods, and that the ToA RTS/CTS frame results are less spread than the ping and the RSSI values.

5.5 
Position calculation

With the known positions of all the AP nodes (base stations)and a coplar scenario, a minimum of at-least three distance measurements are needed to perform localization of a target terminal, and at-least four nodes in the case of a non-coplar scenario. However, we used a total of four MP distance measurements to localize the position of a device within the same network in a coplar arrangement. The localization was performed by the same target node itself and not a remote master node.

In a ToA method, an implication is that of a precise synchronisation between the receivers and transmitter (because ToA is a one-way propagation time). However, since we used  two-way ToA measurements or round trip times, the synchronization was not really needed. Moreover, multiplying these ToA RTT measurements with the known propagation speed of light; denoted as c, the distance measurements are obtained (as mentioned and shown with calculations in the above chapter). Calculating the position of a source terminal is done by geometrically deducing three or more circles centred at a receiver, where the source lies in a 2D plane, and all resulting in a unique intersection.
Nevertheless, in the presence of any disturbances, the two circles with two intersection points may not intersect. Hence, these problem may be solved more appropriately with the  use of a third intersection point of a third receiver circle. A mathematical formulation of a ToA measurement model is thus formulated as:

Let,

X = (x, y)
unknown position to be determined



Equation(8)

      p = A, B, C, D the known receiver positions



Equation(9)

then 

Xp = (xp, yp) 








Equation(10)

And the distance between the receiver terminals and  source transmitter be,
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Equation(11)
A relationship between time of signal emission of a transmitter X (assumed to be 0ms) and receivers is,
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from Equation(1)

thus distance calculations is equal to:
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Equation(12)
In practice, ToA measures are subject to measurement errors. However, in this experiment, though the errors maybe significant, they were ignored in calculations. The above equation(6) can be expressed in a form of a vector as a function of transmitter X.
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where n = the nth receiver.

Equation(13) 
The above equations are examples of non-linear equations in two variables (x, y) where dp is the distance between the unknown positions of beacons p.
Assuming the coordinates (x0, y0) are the known position; where,
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Equation(14)

and 
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Equation(15) 
then the linearized function of the distance becomes,
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The above equation(18) is made up of five equations; Equations (14 – 17), which are then linearized into four equations of the
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 variables, resulting in:
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Equation(19)

Moreover, the equations can further be expressed as linearised equations in a form of a function (measurement vector) similar to: 
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Equation(20)

However, an exact solution is not at all expected due to some linearization and measurements errors. Hence, an approximation is an option, where 
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Equation(21)
These equations are linearised as: 
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Equation(22)
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Equation(23)
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Equation(24)
Using the above equations to calculate our position, our results show that using the RTT time measurement with the ping command executed had significant errors and few errors within 2 – 3m with the use of the distance calculations from the RTT using the Kismet RTS/CTS data packets.

For the position calculation, the most important equation is the Equation(21). This equation is applicable to systems of equations where F is a square matrix and solving for inverted matrices is the solution to the linear least square problems (Businger & Golub, 1965).  The use of these equations will give the position/location or the coordinates of the target terminal, using the distance calculations obtained in the distance calculation section.
5.5.1 
Position calculation using the ping distance measurements

Provided that the coordinates of the anchor nodes are known, trilateration can be used to calculate the position of the target terminal. The calculations were done using the Matlab simulation tool to perform the trilateration method. See results in Appendix F. The figure below shows the position of the target terminal as its coordinates were fed into the mapping editor to compare the exact position of the terminal and the estimated position of the terminal.

Given the RTT times in Table-5.3, the distance calculations obtained were used to calculate the position. Because the accuracy of the position estimation is entirely dependent on the accuracy of the distance measurements, the distance estimates obtained were erroneous and so the position estimates were not accurate.

5.5.2 
Position calculation using the kismet distance measurements

Using the same equations of the trilateration algorithm to estimate the position of the target terminal, in this second experiment the location of the anchor MP nodes was changed. However, the area of interest was still inside the same building.

This solution to the positioning problem is normally solved by using the coordinates of the terminal as the point of intersection with other several spheres of the anchor nodes in the network. The point intersection of the arcs made by the nodes in the network results in a number of non-linear equations which should be used to deduce the coordinates of the target transmitter node. Murphy and Hereman (1999) said that the use of the non-linear solution is however not feasible due to it resulting in a high degree of non-linear equation.

To avoid many cases which may have been considered when dealing with the quadratic equations of the non-linear system, the equations were linearized geometrically, to find point of intersection or coordinates using several planes. Moreover, using the exact  distance measurements determines a linearized system of equations and the position calculated using direct solution of linear system is no longer needed if distance is estimated, hence, approximated distance measurements are used in the linear least squares and non-linear least squares techniques (Murphy and Hereman, 1999).

Table-5.8: The actual and estimated position
	True position
	Estimated position
	Positioning error (%)

	(-33.9306632, 18.4290278)
	(-33.9249985,18.4293199)
	12.36

	
	
	


The positioning estimate error is presented in the table to give an approximate error calculation.
5.6

Discussion of results

Discussion to this research study's results begin with the data collected with the three methods and technologies, as the aim and goal of the study was to use multiple methods and tools in combination to try to enhance and contribute to the optimisation of the accurate indoor positioning systems. From the results laid out in the above sub-sections, the use of the ToA method from the RTS/CTS frames and the RSSI using the trilateration algorithm method has proven that hybridisation of technologies does improve the accuracy of the indoor positioning systems.

Perspectively qualitating the two routing protocols (batman-adv and batmand) as one of the objectives was to compare their performance, batman-adv outperformed the latter routing protocol. This difference in performance was because of the differences between the two routing protocols as one performs routing at layer 2 and the other performs routing at layer 3 of the ISO protocol stack as explained by Chissungo, Blake and Le, (2010) and Murray, Koziniec and Dixon (2010). Using the two protocols, although the results were not shown for both, the batmad-adv routing protocol reported a better performance in all scenarios of the experiments.

As the experimental test-bed was done on different times and various distance ranges, the delay and throughput parameters showed the effect of distance on the results measurements. The larger the distances between the nodes in the network, the more the weaker the results; the larger the distance, the larger the delay, and the less throughput readings. Hence, for all the throughput readings using any data collection method, the distance seemed to be the effect.

Table-5.1 shows similarities to the results shown in the end-to-end delay graph as depicted in the work of Liechti (2013). The measurements from his work were that of 60 packets in an interval of 0.5 seconds. While the readings Table-5.1 were taken for 5 seconds, and only 15 packets transmitted, both results show that the increase in distance results in the increase in delay.

Moreover, throughput results from this study as presented in Table-5.2 were measured 30 seconds over intervals of 5 minutes, and the bandwidth measure 200 Kbits/s. These results were the similar to that of Liechti (2013), where the he used the batman routing protocol to send between two nodes (NodeA to NodeB), and used the iperf tool. Although his work used much higher bandwidth of 100 Mb/s and took the readings at a smaller time interval of 10 seconds, similar to results in Table-5.2, his throughput graph shows that throughput decreases with the increase in distance.
As for results in Table-5.3, because the devices were placed at different distances and on different materials, the differences in deviation could be that of the effects of the environment. The mean deviation is normally said to be correct if it is smaller or equal to the mean/average value, which is the case in the first two MP devices but read higher in the third MP device.

From Figure-5.5 the erroneous results were due to the use a ping command which of course is an OS utility. It is said by Gutner and Hoene (2011) that the time an OS takes to generate a ping response between devices is highly subject to delay variability. Hence causing the inaccuracies caused by the interrupt latencies.
The distances were derived directly from the propagation delay using Equation (3). As opposed to some results obtained from other literature like Gunther and Hoene where their estimated distances were always higher than the actual distances, our estimated distance calculations are seen to always be lower/smaller than the actual distance measurements.  In some calculations however, estimate readings were closer to the actual readings while other readings were way smaller, for example, 8 m actual distance had a calculated estimate of 0.75 m reading.
The experimental set-up was quite clear that the NLOS path was taken due to placement of devices on different height levels. Hence the Fresnel zone was not ensured and the transmission path of data packets was not taken. With all this data collected, statistical analysis (which is an analysis research method we used for data analysis), the figures therefore show the correlation including the mean, deviation and variation.

Muthukrishnan et al. (2008) mentioned that precise location estimates can be accurately calculated only when the precise propagation delay is measured. Based on our sample results in Figure-5.6, the imprecise distance calculations are due to the ICMP echo requests as they an OS utility. As said earlier that a ping command is generated by the OS, it not only returns the packet's round trip timing but also the processing delays and the scheduling delays. Hence the false/inaccurate RTT readings and the distance estimates.
Moreover, one other inaccuracy could be the result of not minimising the queuing delays. In our experiments, the ping execution on the link was run only 15 times which from the results clearly shows that unwanted delays were not at all minimised. The experiments were conducted by using the Linux machine, which Muthukrishnan et al. (2008) claimed has more resolution than the Windows machines.
With the test of ToA calculations using the ping tool utility and the kismet RTS/CTS responses, the results from the end-to-end delay and throughput tables in the above section show that taking readings at the MAC layer gives better and accurate readings than the RTT using the ICMP tool. The above reasons could be due to the processing delays in the OS as during the ping creation and transmission as said earlier. 

Figure-5.7 above depicts the estimated distance calculation against the real distances from measurements obtained with the kismet tool data. From the graph, it shows that there is a large difference between the estimated values and the actual values. Although Ciurana , Lopez and Barcelo-Arroyo (2009)'s work is similar and related to this study in that both studies make use of the ToA RTS/CTS frames, the results are a bit different.

Results from this work showed real distance measures to be larger than the estimated distances as opposed to their work having estimated distance values larger than the actual distance measurements. This could however be due to the use of different data collection methods as they used the software-based method.

For the ranging was performed using a two-way with the IEEE protocol (RTS/CTS) frames, and the propagation of these signals are at an approximation of speed of light, accurate RTT measurements require some adjustments in the time resolution. An error of 1 microsecond is approximated to 300 meters. The time stamp resolution of the WLAN during the experimentation was increased to a few nanoseconds. 

Compared to the works of Gunther and Hoene (2005), the ranging accuracy was better than their ranging estimation as they achieved an error of 8 meters, which is higher than our ranging estimation of less than 3 meters. However, Curiana et al. (2007) achieved a much better accuracy of close to 1 meter, where they proposed a module counter for measuring the RTTs using the data/ACK frames. 

From the results collected and calculated using the RSSI method, the tables and graphs show a significant variation on the readings. As mentioned earlier that the set-up was done indoors and placement of APs was on different materials, the differences were a result of radio propagation issues. The loss of signal during the traversing or propagation was a result of reflection, refraction and scattering of radio signals, which was caused mainly by the walls between the APs, the glass doors and plastic chairs and wooden tables the APs were placed on. Moreover, the obstruction of people as they moved about and interference added to the loss of radio signal strengths.
During the distance conversion, the use of a path loss radio propagation model helped improve the RSS readings, although the model itself is not accurate as the affecting properties are highly influenced by changes in the environment.
As the basis for position, RSSI and ToA measurements were used together with trilateration algorithm and fingerprinting method. Although the fingerprinting method has two phases (training and positioning phases), this thesis used an idea of fingerprinting, where data was only collected from reference points in the training phase and not in the positioning phase. Different from the works of Thulimmalupala (2011), who took data with association to the direction of the measuring device, this work did not consider orientation of the measuring device to collect the radio RSS. In addition, the distance calculated from the collected RSS and the distance estimated from the ToA were the ones compared and matched for the use in the trilateration method.
The calculations of results from Table-5.6 as opposed to that of Tiwari et al. (2012), were taken in NLOS, uses the path-loss exponent of 1.93 whereas they used 3.2 in NLOS (which is much larger), and that of 1.7 in LOS environments. However, their experimentations results showed a smaller deviation of the RSS as compared to the results obtained in the Table-5.6.

Based on the results shown in Table-5.7, the drawn conclusion was that the RTS/CTS frames captured from in the control packets were the best to be used in the positioning phase as compared to the RTT from the ping or the RSSI results.

The table showed that the RTS/CTS mean error distance of 2 meters – 3 meters, and the distance error from propagation model were less than the errors encountered with the use of the OS utility ping command. Although high errors were expected from the RSS results than the RTT ping, the use of the propagation model helped improve the values. However, the filtering or smoothing of the values would have given much better and less error results had it been used.

From the error analysis table, the mean error value (4.97 meters) of the received signal power vs the modelled signal power distances was smaller than that obtained by Subhan et al., (2011) which was 5.87 meters.

Based on the collected data, the graph of Figure-5.9 prooved that the values of the RTT ping were more spread than the values of the other used methods, and that the ToA RTS/CTS frame results were less spread than the ping and the RSSI values.

Given the RTT times in Table-5.3, the distance calculations obtained were used to calculate the position. Because the accuracy of the position estimation is entirely dependant on the accuracy of the distance measurements, the distance estimates obtained were erroneous and so the position estimates were not accurate.

However, this experimentation was to calculate the position using the trilateration method with the distance measurements calculated from the RSS and ToA. The use of the ping utility was to prove that the method is not accurate to be used. As the aim was to improve accuracy, the distances calculated from the RSS and ToA with the use of RTS/CTS signal parameters were used and a close match to those calculations were then the used values for the positioning using lateration algorithm. From Table-5.8, the positioning error between the actual and estimated  position is shown and an overall performance of the system as shown by the results was good. The table shows that the positioning system has an error of about 12%.

5.7 
Problems Encountered and Provided Remedies

The first design or development in this research project was to create the map plan and upload it on the server. The idea was to use Google Maps solution as it now provides the indoor mapping. The floor plan of the area of interest (second floor engineering building at CPUT) was uploaded on Google Maps. However, the processing was delayed due to the availability Google IndoorMaps. The solution was then to revert to the OpenStreetMaps as it allows collaborative mapping; it is an open project and it is easy to use.

Due to the author being a novice in mapping (OSM editors), it was very arduous to keep track of all the changes in creating and editing the map. However, the performance analysis of wireless mesh network implementations based on open source software map was created and successfully uploaded to the server. The tagging in the server was very complex, hence the editing of the map became somewhat cumbersome. The problem was solved by leaving the map unfinished but just about complete to avoid any more confusion.

During the experimental set-up and network connectivity, one of the problems encountered was that of connecting the laptop to the mesh network formed. As for all other mesh nodes (MPs), they could connect and detect the other batman nodes in range. This was due to the WLAN drivers of the used adapter. The mesh connectivity requires specific adapter drivers and so a new network adapter card running the correct drivers to allow connectivity to the mesh was bought.

To see what the laptops/devices around are sending and receiving, packets are captured on a wireless LAN interface of the sniffing device. For this research, the capturing was to collect and inspect the frames, not just to see the detailed information of the packets but to inspect specifically the data/ack responses. The major difficulty as it is now, was adapter's drivers with the support for the capturing mode; monitoring mode (RFMON) used in kismet.  Then the problem was solved by using the built-in WLAN adapter Intel iw3945abg card.

Moreover, since the new external (USB) network adapter (Zyxel) was used for supporting mesh connectivity, the laptop was then installed with two adapter cards. During the data capturing, the Realtek card did not allow; had an error while trying to run the sniffing tool, kismet. This was due to it not supporting the monitor-mode to capture the network information. And so, the resolution was to use the internal Intel card as it supported the monitoring mode. This means the two cards were both used for different purposes.

Though the plan was to use the mobile phone as the mobile device in this experimentation, the mobile device does not support the direct issuing of the ping; does not have the ping utility built-in. The only way out was to use the laptop as the client to issue the ping and act as a server. Then the results were embedded and mapped into the application in a mobile device.

Additionally, during the configuring of the devices, the Ethernet adapter constantly became undetected. This normally happened if the laptop was shut-down with some devices connected to it and the Ethernet cable still plugged in the Ethernet port. Also, when running kismet, the wireless adapter did not come out of the monitor mode, and to enable the detection of the network adapters, the wireless adapter module in the OS kernel had to be rebuilt whenever the adapter became undetected.

Moreover, because snuffle measuring tool has the capabilities of observing the behaviour of the protocol directly in the end-system, a few modifications are needed to measure inside the protocol stack. The snuffle measurement tool is only available for the kernel 2.2.10 Linux systems. This resulted in the use of an alternative software tool kismet because the needed kernel for utilisation with snuffle meant using the old kernel.
5.8 
Identified Problems

The difficulty was the analysis of the time stamps as they are not directly included in the data. Further calculations were still needed to extract the time stamps from the packet traces.

With the use of mobile devices like the phones, there are no models that really solve the location constraints on these devices. Although there are Wi-Fi libraries in the android SDK, the functionalities like the ICMP libraries are not included to directly get the time stamps of the signals. This would have helped build the whole measuring system on the SDK instead of embedding the RTT signals read from external devices.

The ToA (also known as the time of flight) calculations endured numerous errors. The precise time measurements are limited by the time-stamp resolution and the delays in the signal processing are due to the hardware used in the implemented system. In addition, the multi-path effects causes the delayed copies of the received signal at the receiver.  At the MAC layer, the available 802.11 chipsets are limited to 1 microsecond due to the data rate used by the preamble of 802.11. 

This, however is insufficient for use in indoor environments as a single bit is processed every microsecond. This basically means that because RF signals propagate at the speed of light (3*108 m/s), the packet travels 300m in 1microsecond, which is an unacceptable error in indoors environments.  The solution to this problem when using the RTT was to increase the time stamp resolution to reduce the errors in the calculations.
5.9 
Summary of chapter

Chapter 5 is how the designed experiment was done and the evaluation and discussion of the obtained results. The technologies used include the OpenWrt kamikaze firmware, kismet sniffing tool, and scripting. The experimental test-bed was set-up at a university school campus where the signal parameters were collected and the tested. Signal parameters RSS and ToA were collected at certain distances and those parameters were used to calculate the distance parameters to further be used to calculate the position of the transmitting node. 

The analysis and discussion of the collected data and interpretation of their calculations are presented. Tables and graphs of the distance and position calculations are shown and explained. Moreover, the last section explains any problems identified or encountered and how they were solved 

CHAPTER SIX: 6.0 Conclusion and Future Work

6.1 
Conclusion

This project was one of the projects in the list of smart educational services. The idea was that of using the multi-positioning methods and tools to compensate for the disadvantages of other positioning methods; to come up with a solution to the navigational services in the indoor areas. Applicability and usefulness of the proposed navigational service was to help undergraduates and/or non-regular visitors to the school campuses as they often have problems and sometimes difficulty finding their way, rooms or even certain people, around and within campus buildings.

There are many positioning methods that could be used for positioning, it be indoors or outdoors (WLAN, Bluetooth, Ultra-Wideband, etc.). However, these methods; especially in  indoors, have factors that greatly affect their performance. This degradation of performance is greater when localosation is performed within buildings than outside because of the closed area, which makes the area small and obstructed by many obstacles, as opposed to the openness of the outdoor environment; lack of LOS. Moreover, due to factors affecting the performance of these positioning systems in indoor areas, the positioning methods have limitations and to this date, there has not been any indoor positioning method implemented and regarded as an ideal system for indoor positioning.

The main problem identified with the navigational services or any location-aware systems is the lack of positioning accuracy of the systems. Because accuracy is an issue, the proposed solution was to combine or hybridise the positioning algorithms and tools to compare and try to deduce if any positioning performance would be enhanced in any way. Experiments were carried out and some data were later fed into the developed application which was to be used for the ositioning/navigational purpose within the mapped building plan.

Although the objective of the project was to develop a navigation system, the project turned out to concentrate and focus mainly on the positioning part of the system. This was because navigation requires the positioning to determine the start and end points. Instead of the user just selecting the start point and end room from an application, the developed positioning system used the various methods and tools to estimate the “start” position; the current position of the terminal. In building such a system, extensive experimentation was done at a mapped building of the Cape Peninsula University of Technology campus, Cape Town, South Africa.

For the positioning part, the system was divided into two extinct sub-parts; the mapping part and the positioning itself. These sub-categories allowed the project to be in two completely independent parts though they formed a complete solution to the positioning problem. The mapping was one part of the many tools used in this system and it enabled and led to the contribution of the mapping solution in the OSM server community.

The second component of the system was the positioning part which also had sub-categories. This system did not use the built-in features of the mobile device which many developers use for developing positioning systems. Hence, limitations were a barrier in some cases where some features were not found, and some functionalities impossible to implement on a mobile device. Therefore a laptop was used as a measuring sub-system, distance calculation sub-system and positioning sub-system. Then the same calculations were repeated on a mobile phone's developed application to provide for greater ubiquity and a pervasive system.

From the measuring system, the study has been made between the use of the OS’s built-in feature of the ping tool and the kismet software tool to retrieve the round trip times of the packet messages between the transmitting device and the receiving AP node in the network. These were used as anchor nodes in the position calculation sub-system. Results have shown that the kismet capturing tool can provide a significant improvement in the measuring of the RTTs. This was because the ping is executed at a physical layer while the kismet uses the RTS/CTS packet frames in the MAC Layer of the OSI layer.

In the distance calculation sub-system, study and results showed that the distance estimations and actual distances had a big difference; inaccurate estimations, with the ping tool, but show a little difference (accurate estimations) in the actual distance measurements when estimated using the kismet tool. This was due to the use of RTTs to improve the WLAN time-stamp measurement resolution and avoid synchronization errors in the distance calculations. As the positioning is highly dependent of the distance estimates, a highly accurate position estimation is the result of high accuracy in distance estimations. Hence, erroneous distance calculations will produce bias positioning estimated.

Despite the limitations of the mobile device as explained in the above chapter, the mobile application was still written, as the original idea was to eventually build a navigation system. Therefore, the mapping graph data was exported from the josm editor and embedded into the application for the purpose of graphing functionalities. This extracted xml map file only contained information about the room names and numbers.

Since the developed system used multiple methods and tools, the calibration process in the application was used to compare both the estimated distances using the RTT ToA measures and the distance estimations from the RSSI. The RSSI is known to have performance issues. Results showed that the calibration process performed unexpectedly well, though with significant errors. However, where any errors were experienced, the calibration still produced a close and expected match.

This work was done iteratively with increments, and with each iteration the system application was tested. The second iteration; distance calculation was overshadowed by the calibration process as they were not shown or presented to the users. However, the distance calculations from the calculations in the Matlab tool did show some great degree of similarities between the distances calculated using the RSSI, ToA with ping and ToA with kismet tool.

The final iteration which was the positioning calculation was also done with every error leading back to the calibration iteration as it is the basis of the second iteration. In this last stage of software testing, a good feedback of a usable positioning system with 90% accuracy of about 1m to 2.5m was received. The overall system's performance was satisfactory though positioning accuracy is believed to still could be improved. However, the main objective was to use various methods and tools to achieve our main goal of improving the system's performance. Nonetheless, the system showed potential to better enhance the system's positioning accuracy.

In conclusion, given that there were many limitations to the use of a mobile device's features or functionalities, a solution to the problem of accuracy which the project study was based on has been to a great extent, a success. The milestones within the specified scope were however not all met; only the positioning system was done and not the navigational services of the system. The project was just a demonstration that a system proposed is a possibility, although major improvements are required.
6.2 
Future Work

6.2.1 
Interface

Due to the broad specifications, the scope of the project had to be trimmed down. Although the developed application was easy to use, there seemed to be the need for more improvements to the application to provide more functionalities and usability of the application. At this point, there were not many functionalities nor interaction presented to the user.

Therefore, it would be useful to present more functionalities that would allow for more interactions with the users.  The original idea was to build a system that is context-aware. But since the navigational services were left out, so was the functionality of a context-aware system. This would help the user's interaction with the application by allowing the application to best include and adopt to the user's physical environment.

6.2.2 
Navigation system

This was the original plan of developing the system. However, it was left for the researchers’ future work. The research project has done some studies on how the positioning system performs in a topological arrangement of a mesh network. Like the ad-hoc networks, although mesh networks are seen to be some form of ad-hoc networks, the future work could  include building a navigation application using a proposed path-finding algorithm. The algorithm will have to take advantage of the  cooperativeness of the mesh nodes in the network and use multi-hopping functionalities.

The path finding algorithm for the navigation application will have to use the distance between the mesh nodes and the RSSI to guide users to their destination point. As opposed to the use of path finding algorithms like the Dijkstra's algorithm where the shortest path from the source node to the destination node is searched within the graph, this algorithm could find a way to combine and search through the graph, path to be taken and the network graph drawn from the mesh nodes.

6.2.3 
Disability

As mentioned that the project was one of the smart educational services, the future navigation application has to cater for the people with disability to help them get around university campus buildings. However, this feature would depend entirely on the user friendliness of the mapped building itself. Together with the context-awareness feature, this could build a powerful system which might help the blind or the deaf without the need to waste any time of asking for help from nearby people.

6.2.4 
Online-phase calibration

The proposed positioning system's calibration process in this project happened off-line. Meaning, it only used the distance calculations from the RSS radio-map. And a more useful system could be improved by the use of an innovative calibration. This system aimed for accuracy in the positioning. The future works include improvement in the calibration/ matching algorithm (This could be the matching of the online and off-line RSS readings, then the distance calculated from this matched readings could then be matched with the distance estimations from the ToA measurements).

6.2.5 
Error filtering
The collected or measured data had a lot of errors. This errors maked it hard to estimate the accurate distance measurements from the raw data. The future works could include using one of the filters to smoothen and filter out any erroneous measurements that may be available.
6.2.6 
Multiple floors and buildings
The experiment and application were based on one floor of a single building. Some buildings (like the one used in this research project) are connected through some sort of a tunnel or bridge, which basically needs the user to exit the one building in order to get to the other part of the buildings. Also, there is a need for adding more functionality to support for multiple floors. This would require users to be able to select the building they are in and the floor of their interest.
6.2.7 
Different technologies
There are many technologies, particularly open source software that can be used. The results from this project proved the usability of this system. However, one improvement to this system could be the use of the serval project (www.servalproject.or

 HYPERLINK "http://www.servalproject.org/" \n _blank
g), which in this case, instead of using multiple positioning algorithms, the system made use of hybridising different technologies like Bluetooth, Wi-Fi or use of other sensor technologies within the mesh network.
6.3 
Summary of chapter

The research is concluded with the findings and how the developed system performed in general. This concluding chapter explains that the main goal and objectives of this research study were achieved. The tested hypothesis and the developed system did perform well although not as well as expected. Moreover, The system scope was not completed but the main part which is to answer the question to the problem statement was done. 

The last part is the uncompleted work or gaps in this research that are left for the future work. This gap includes the improvement of the UI, the integration and development of the navigational functionality, filtering of the noises in the signal parameters and smoothing the values and use of other technologies like the Serval project. 

6.4 
Summary of research interest

The exponential growth of technology and its advancements has led people to depend on the “smartness” of the small miniature devices, with capabilities attributed to autonomous operations. The challenge being the integration of the diverse components and intertwining technologies into these systems, development and topics into these research areas are greatly explored by many researchers and developers. Considerable contribution of the smart systems in in the future of “Internet of things”, with them providing smart functionalities. Relevance of these systems is that they bring solutions not only limited to societal and economic problems.

Location-Based Services (LBSs) as the key enablers to helping give positions and locations of objects and/or people, their main challenge is in the mobile positioning or localization within reasonable and certain accuracy. With ubiquity in computing playing an enormously important role, LBSs as navigational systems are useful in guiding people; particularly in unfamiliar environments. Most people are accustomed to the availability and use of the navigational systems suitable for outdoor environments. The main problem begins as the users enter the buildings.

Most buildings and many public infrastructures are getting bigger, and so is their complexity, therefore there is a need for the development of indoor navigation systems. By the use of smart-phones with integrated GPS devices, navigating and positioning outside buildings/premises is possible. Inside buildings however, GPS is not effective, and so the concept of indoor positioning systems was introduced to solve the issue of accuracy in these systems. There are numerous methods available for positioning in indoor environments, and these methods come with their advantages and disadvantages and different tools also come with specific applications.

In order to compensate for the disadvantages of other positioning methods, multiple methods and tools could be used in combination to provide an improved system performance; increased positioning accuracy of systems. WLAN is a suitable technology for indoor positioning as it is an already existing infrastructure and is deployed in many places. However, due to factors affecting the radio signals, signal properties and positioning algorithms could also be used together to produce a multi-positioning system in indoor environments.
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APPENDIX A: Ping bash script
#!/bin/bash

#Nobaene 01/September/2014

#A simple script to ping all the ip addresses in the files mpA, mpB and mpC and mpD.

#Log outputs of the ping script are saved in three separate files rttA, rttB and rttC, rttD.

#The output written to the file are only the rtt times from the ping command

A=$(cat mpA)

B=$(cat mpB)

C=$(cat mpC)

D=$(cat mpcD)

for ip in $A

 do


echo $ip


ping -c 50 $ip | awk 'BEGIN {FS="[=]|[ ]"} NR>=2&&NR<=6 {print $10}' > rttA.txt


echo saved in rttA.txt


done


sleep 2


echo

for ip in $B

 do


echo $ip


ping -c 50 $ip | awk 'BEGIN {FS="[=]|[ ]"} NR>=2&&NR<=6 {print $10}' > rttB.txt


echo saved in rttB.txt


done


sleep 2


echo

for ip in $C

do


echo $ip


ping -c 50 $ip | awk 'BEGIN {FS="[=]|[ ]"} NR>=2&&NR<=6 {print $10}' > rttC.txt


echo saved in rttC.txt


done


sleep


echo

for ip in $D

 do


echo $ip


ping -c 50 $ip | awk 'BEGIN {FS="[=]|[ ]"} NR>=2&&NR<=6 {print $10}' > rttD.txt


echo saved in rttD.txt


done

APPENDIX B: Sample captured frames in Wireshark
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APPENDIX C: Request-To-Send frame
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APPENDIX D: Clear-To-Send frame
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APPENDIX E: Acknowledgement frame
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Frame Control: ©x00C4 (Normal)
Vversion: 0
Type: Control frame (1)
subtype: 12
Flags: ox0
s .00
DS: 0) (6x00)

DS status: Not leaving DS or network is operating in AD-HOC mode (To DS: © From

= More Fragments: This is the last fragment
Retry: Frame is not being retransmitted
PUR MGT: STA will stay up

More Data: No data buffered

Protected flag: Data is not protected

= order flag: Not strictly ordered

Duration: 160
Receiver address:

0:5a:fd:40:9f (2c:de:5a:fd:40:9f)




APPENDIX F: Propagation Model
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Frame 20: 10 bytes on wire (80 bits), 10 bytes captured (80 bits)
Arrival Time: Aug 27, 2014 21:21:47.981631000 SAST
Epoch Time: 1409167367.981631000 seconds
[Tine delta from previous captured frame: 0.609949000 seconds]
[Tine delta from previous displayed frame: 0.000949000 seconds]
[Tine since reference or first frame: 0.101752000 seconds]
Frame Number: 26
Frame Length: 10 bytes (80 bits)
Capture Length: 10 bytes (80 bits)
[Frame is marked: False]

[Frame is ignored: False]
[Protocols in frame: wlan]
IEEE 802.11 Acknowledgement, Flags:

Type/subtype: Acknowledgement (ex1d)
Frame Control: ©x00D4 (Normal)
Vversion: 0
Type: Control frame (1)
subtype: 13
Flags: ox0
s .00
DS: 0) (6x00)

DS status: Not leaving DS or network is operating in AD-HOC mode (To DS: © From

More Fragments: This is the last fragment
Retry: Frame is not being retransmitted
PWR MGT: STA will stay up

More Data: No data buffered

. = Protected flag: Data is not protected

. = order flag: Not strictly ordered

Duration
Receiver address:

:d0:5a:fd:40:9f (2c:d0:5a:fd:40:9f)




APPENDIX G: MeshPotato Specifications
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Overview
Atheros AR2317 system on a Chip (SoC)

Silicon labs FXS port chipset

MIPS 4k processor 180 MHz

One 10/100Mbit LAN port

8 MByte Serial Flash EEPROM

16 MByte RAM

Wireless LAN
IEEE 802.11b/g

Frequency Band : 2.4 to 2.462GHz

Antenna Type : Internal Omnidirectional PCB Antenna

Transmit EIRP power: 1-24 Mbit 20dBm or 36-54 Mbit 17dBm

Interfaces/Ports
LAN Port : 1 x RJ-45

FXS Port : 1 x RJ-11

Firmware
Linux kernel 2.26.3

OpenWRT Kamikaze (customised version)

B.A.T.M.A.N. mesh routing daemon Version 0.3

Asterisk 1.4.11

Environmental
Operating Humidity: 5 to 95% Condensing

Operating Temperature: -20° to +70°

Electrical
Power Type : wide range, protected DC port

Power Options: AC adpator (supplied) PoE or PoTL (Power over Telephone Line)

DC Input Voltage : 9-40 VDC

DC Input Power : 2.5W DC nominal

Protected Ports: DC, RJ11 phone , RJ45 Ethernet

Protection: overvoltage, reverse DC, nearby lightning, static electricity

Physical
Casing: UV-protected, weatherproof outdoor enclosure

LED Status Indicators : Power - LAN - etc

Case Colour: Beige

Enclosure Size: 228 X 106 X 55 mm

Weight: 0.3 Kg

�Figure-2.1: Positioning based on RSS. LS1, LS2 and LS3 are measured paths


(Lui et al., 2007)





�Figure-2.2: Angle of Arrival positioning technique


(Lui et al., 2007)





�Figure-2.3: Positioning based on ToA 


(Lui et al., 2007)





�Figure-2.4: ToA based on the Data Link Layer frames


(Paknait, Dala & Nitin, 2012)





�Figure-2.5: TDoA positioning measurement 


(Lui et al., 2007)





�Figure-2.6: Showing Trilateration approach


(Thapa & Case, 2003)





�Figure-2.7: Showing an example of a Wireless Mesh Network topology


(Waharte et al., 2006 )





�Figure-2.8: Showing an example of a Wireless Mesh Network infrastructure


(Liu et al., 2012)





�Figure-2.9: showing a typical radio system


(Harrison Corporation, 2005)





�Figure-2.10: A simple graph showing undirectivity of edges


(Hart, 2013)





�Figure-2.11: A simple graph showing directivity of edges


(Hart, 2013)





�Figure-4.1: Abstract Representation of the System





�Figure-4.2: Screen-shot of the ping script





�Figure-4.3: Showing the nodes and ways (Mapped Building)





�Figure-4.4: Map layout as it is edited in JOSM





�Figure-4.5: Map layout as it is edited online with Potlatch 2





�Figure-4.6: Screenshot of the edited building as it appears on OSM maps





�Figure-4.7: Network/architectural design





�Figure-4.8: The window starting the application





�Figure-4.9: No prior information of current position





�Figure-4.10: Screen-shot of the calibrating process





�Figure-4.11: Showing both current position and destination for selection





�Figure-4.12: Example of screen-shot of map with calculated route between start and end point





�Figure-4.13: Flow chart sequence diagram of the UI design





�Figure-4.14: Samsung Galaxy S3 mini was used for testing the application





�Figure-5.1: Iperf interface as it was running





�Figure-5.2: Screen-shot of the ping command output





�Figure-5.3: RSSI against Distance





�Figure-5.4: Comparison the Model and Experimental results





�Figure-5.5: Showing Actual Distance vs Estimated distance





�Figure-5.6: Estimated Distance vs RTT/ToA





�Figure-5.7: Actual Distance vs Estimated Distance





�Figure-5.8: ToA vs Estimated Distance





�Figure-5.9: Comparison of deviation analysis
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