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ABSTRACT

COMPARISON AND INTEGRATION OF RFID BASED NAVIGATION
SYSTEM ALGORITHMS

İnanan, Gökhan
M.S., Electrical-Electronics Engineering Department
Supervisor: Prof. Dr. Elif Uray Aydın
April 2016, 53 pages

The main subject of this thesis study reveals localization finding of a mobile object
for small scale indoor environment by using several different location estimation
algorithms. The RFID system is preferred to use in the thesis due to non line of sight
problem and the passive RFID tag was chosen for both in saving in battery
consumption and being more practical in real time application. Three different
location estimation algorithms were searched and compared each other as follows:
Triangulation, Weighted Centroid Localization (WCL) and Bayes Decision Rule.
Bayes Decision Rule is also integrated with Kalman filter. The study requires signal
processing techniques with electromagnetic theories and radio frequency (RF)
knowledges for finding the current position of the mobile object.
Keywords: Location Estimation Algorithms, Indoor Tracking Applications, Pattern
Classification, Triangulation, Weighted Centroid Localization, Kalman Filter, Bayes
Decision Theory and Radio Frequency Identification (RFID) Systems.
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ÖZ

RFID BAZLI NAVİGASYON SİSTEM ALGORİTMALARININ
KARŞILAŞTIRILMALARI VE ENTEGRASYONU

İnanan, Gökhan
Yüksek Lisans, Elektrik Elektronik Mühendisliği Bölümü
Tez Yöneticisi: Prof. Dr. Elif Uray Aydın
Nisan 2016, 53 sayfa

Bu tezin ana çalışma konusu, farklı konum hesaplama algoritmalarını kullanarak,
küçük ölçekli bina içi uygulamarında kullanılmak üzere hareket halindeki bir
nesnenin konumunu bulmak ve bu nesneyi takip edebilmeyi ortaya koymaktadır. Bu
tez çalışmasında kullanılmak üzere, RFID sistem görüş menzil problemi
olmadığından dolayı tercih edilmiş ve pasif bir RFID etiketi hem batarya tüketimi
hem de gerçek zamanlı uygulamalar için daha kullanışlı olaması sebebiyle
seçilmiştir. Üç farklı konum hesaplama algoritmaları olan Üçgenleme, Ağırlık
Merkezli Konumlandırma ve Bayes Karar Algoritması araştırılmış ve birbirleriyle
karşılaştırılmıştır. Bayes Karar Algoritması ayrıca Kalman filtre ile entegre
edilmiştir. Bu tez çalışmasında hareketli bir nesnenin anlık konumunu bulabilmek
için, elektromanyetik teori ve RF bilgisinin yanı sıra sinyal işleme ile ilgili bilgileri
içermektedir.
Anahtar Kelimeler: Konum Kestirim Algoritmaları, İç Mekânda Takip, Üçgenleme,
Kalman Filtre, Bayes Karar Algoritması ve RFID sistemleri.
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CHAPTER 1

INTRODUCTION

Navigation technologies have been studying to utilize the wireless communication
technology in various environments such as military, medical, industrial and printing
area. Navigation systems become more popular day by day. However, the despite of
the fact that navigation systems used in outdoor application provide adaptability to
changes, it has not been completed to developing period as much suitable for indoor
application especially. Navigation technology provides guidance during the travel of
the mobile objects and ensures exact location in the navigation area to give
information to user or monitoring systems.
There are some location estimation algorithms which have been developed and
developing for indoor and outdoor area. The navigation system used in indoor
application can be count as follows: infrared, ultrasonic, wireless sensor network and
RFID systems. However, a few of the methods limit the user’s movements in subject
of interest due to line of sight problem. To remove line of sight problem, RFID
system is preferred to use in this thesis study for indoor application.
RFID which has been improving require for a reliable positioning method in order to
be able to track the object in the navigation field.
RFID is an automatic identification technology that enables tracking of mobile
objects in area of interest. This thesis study can be located (grouped) under the
indoor environment. The main purpose of this study is to find and track the mobile
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object with non-line of sight problem in the small scale navigation area. The
integration of radio signal transmitters and wireless network are nearly easy.
In this study, a small scale indoor environment is concentrated on. Navigation area is
divided into 12 square grids and one edge of grid equals to 30 cm. Three antenna of
the RFID Reader are covered triangulation form around of the navigation field.
Passive RFID tag is used as a mobile object in area of interest. Received Signal
Strength Indicator (RSSI) values are collected from the RFID tag and transmitted via
Ethernet connection to the monitoring system. There are a lot of location estimation
techniques in the literature, accordingly our preparatory works see that technique
which includes probability and statistics process results better than technique which
is other approaches used in proximity and triangulation method, so that Bayes
Decision Theory is preferred to use for finding location of the mobile object in the
navigation area for this study as a primary aim. To increase the accurracy of the
system, Kalman Filter is also performed by integrating to Bayes approach. Then,
Triangulation and Weighted Centroid Localization are other subjects for scope of this
thesis study to find location of mobile object for comparison with each other.
To sum up, the location estimation techniques and navigation systems are mentioned
in Section 2. The RFID system, system equipments used in this work and system
design approach in this thesis study are described in Section 3. The algorithms used
in this study are presented in Section 4. The comparison and integration of the
developed algorithms and its results can be analyzed in Section 5. Last section
includes summary of the study.
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CHAPTER 2

LOCALIZATION SYSTEM AND ALGORITHMS

This chapter reviews localization systems and algorithms for indoor environments in
the literature. The chapter also includes the limitations and drawbacks of those
localization systems.
2.1 Localization Systems in the Literature
The main existing systems for indoor application can be classified into following
categories such as UWB, Infrared Beacons, Bluetooth, Wireless LAN and RFID
systems. There are many different distance estimation techniques like AOA, TDA,
TDOA, TOF, RSSI and phase of the signal can be used in similar type of systems
[1], [2].
The positioning system can be analyzed in four groups in the literature [3]. These are
can be written remote positioning, self-positioning, indirect remote positioning and
indirect self-positioning systems, respectively. First two of among them will be taken
into account. The main difference between remote positioning and self-positioning is
that signal transmitter unit is mobile and several ﬁxed measuring units for remote
positioning system and the measuring unit is mobile with several transmitters in
known locations for the second one. The system used in this study can be considered
under remote positioning system due to having fixed measuring units at specific
points on navigation area.
Infrared (IR) Beacons, RFID Systems, Wireless LAN are generally used as
navigation system for indoor application. The following sections include some
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advantages and disadvantages of these systems and some properties of these systems
will be explained under own titles such as cost, accuracy and communication range
2.1.1 Infrared (IR) Beacons
Infrared (IR) beacons emit their unique ID in the IR spectrum. These devices can be
programmed. The range of the infrared beacons is roughly 10 – 20 meters and the
infrared receiver have got line of sight problems and it has also got limited range of
an IR network. Cost of the infrared beacons is very low. Especially, infrared beacons
should be used some systems in which are necessary to get bearing information [4],
[5].
2.1.2 RFID Systems
The Radio Frequency Identification (RFID) is used to detect tags attached to objects
by using Radio Frequency Electromagnetic Fields as non–contact. An RFID system
consists of at least two components. One of them is reader and another of them is tag.
These two components communicate each other with defined protocols.
RFID systems that can be used to find location and track mobile objects/persons by
using received signal strength (RSS) measurement for both indoor and outdoor areas.
There are several different types of tags which depend on system design are used in
application. These are active, passive and semi-passive tags. The passive RFID tag is
preferred to use in this study are activated by the magnetic field generated by reader
antennas for locating mobile objects/persons in experimental area. Each passive tag
is programmed to carry information about to surrounding of itself like coordinates or
object’s locations. Readers have eight different power levels. Accuracy of the system
increases with a higher density of the reference tags [6].
2.1.3 Wireless LAN
Popularity of Wireless local area Networks (WLAN) has significantly been
increasing in recent years. It is possible to be used widely in localization because of
easier and cheaper. The reason of choosing WLAN is that many buildings and
structures having an existing WLAN infrastructure, but the developed systems based
indoor positioning are not widely used yet [7].
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Almost all of indoor-sensing systems using WLAN are based on RSS according to
[8] and [3]. These are could be divided in two categories such as training-based (or
fingerprint-based) and propagation-based. Training-based method is better than
propagation-based to get better precision [9].
2.2 Localization Algorithms in the Literature
There are three common principle techniques, triangulation, scene analysis and
proximity, which are used to locate object for location estimation in the literature [3]
[10] and [1].
2.2.1 Triangulation, Angulation, Lateration
Triangulation technique uses the geometric properties of triangle to find location of
mobile objects/persons for localization systems. There are two main technique based
on signal propagation such as lateration and angulation methods for indoor
localization. Lateration method uses distance measurements and it needs at least
three fixed reference sources to find location for both indoor and outdoor
applications. Extracting the distances between Accesses points (AP) and mobile
objects/persons provide the area of localization, so time of arrival (TDA), time
difference of arrival (TDOA), the received signal phase (POA), received signal
strengths (RSS) can be used for distance estimation techniques in lateration method.
Angle of arrival (AOA) is used in Angulation technique. Angulation and lateration
methods are very similar each other. Angulation method uses angle information of
the triangle instead of the distance information for determining to position of object
[1]. Accuracy of this method is less than accuracy of lateration method according to
[11] and has got some drawbacks due to difficulty of use line of sight and multipath
signal propagation for indoor environment.
2.2.2 Scene Analysis
RF-based scene approach depends on two stages like collecting the features
(fingerprints) of a scene and calculating the location of an object by matching online
measurements with the closest a prior location fingerprints [3]. These two stages can
be called observed scenes and static scene (predefined dataset/map) analysis. RSSbased location fingerprinting, referred to techniques that match the fingerprint of
some characteristic of a signal that is location dependent, is generally used in scene
5

analysis. Probabilistic methods, k-nearest-neighbor (kNN), neural networks (NN),
support vector machine (SVM), and smallest M-vertex polygon (SMP) can be used
as a fingerprinting-based positioning algorithms [3]. Probabilistic methods and knearest-neighbor are widely-used in fingerprinting-based technique.
There are two kinds of methods, location-aware and location- sensitive applications
in wireless network and classification method used in probabilistic approaches.
However, the location-aware and location- sensitive approach are not proposed due
to some important issues like calibration, error estimation and tracking with history.
Classification problem defines the received signal with respect to which class it
belongs to. Classification method uses Bayes Decision Theory to find the location of
a target (current class) among accessible classes (AP) which mean location
candidates. Obtaining observation vector on run time stage is compared all possible
location candidates according to decision rule and then it is assigned to location of a
target by using Bayes formula that consists of posteriori (transition probability) and
likelihood probability. For calculating likelihood, Gaussian distribution is used for
each class. Because of this reason, received signal strength values are obviously
seemed to Gaussian distribution in each classes. The likelihood probabilities of each
class can be obtained from observation vector that involves RSSI measurements on
run time stage and then location estimation is to decided by the previous decision
rule.
Weighted Centroid Localization (WCL) can be used in scene analysis for providing
a coarse position on run time stage, as well [12]. If the system needs more accuracy,
k-nearest-neighbors generally preferred on second stage.
K-nearest-neighbors (kNN) is one of the common fingerprint based algorithm. It is
also called map. K Nearest Neighbors (KNN) is generally preferred to use for
WLAN-based indoor positioning. The kNN uses RSS measurements collecting on
run time stage search for k closest matches of known locations in signal space from
the database which is constructed with RSS measurement according to root mean
square errors principle [3]. However, Another approaching technique is proposed to
improve the precision and time efficiency by Jun MA called “Cluster Filter KNN”
(CFK) that uses clustering to filter out some of neighbors [9].
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2.2.3 Proximity
The proximity technique, kind of a sensing technique, is used to determine when an
object is “near” a known position in the subject area. Detecting physical contact,
monitoring wireless cellular access points, observing automatic ID systems can be
given an example as general approaches for proximity. The proximity technique
could be integrated with identification system for exchanging identification
information between objects and the user. This technique can also used touchpad,
bank-card, tablet and any application which have one or more than one array
antennas [1]. Implementation of the method is relatively simple, but the
communication ranges in the indoor application is not predictable [13].
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CHAPTER 3

RFID SYSTEMS

Radio frequency, RFID technology and RFID system used in this work are
introduced with RFID system equipments and RFID System Design Approach is also
explained in this chapter.
3.1 Radio Frequency (RF)
The electromagnetic spectrum is divided into a number of frequency band.
Frequency range from 3 kHz to 300 GHz is RF frequency band. There is several
different frequency ranges used in RFID systems: Low frequencies (LF), High
frequencies (HF), Ultra high frequencies (UHF). Operating band, data speed and
standards of these bands can be surveyed in Table 1 placed below [14]. For example,
the system called long-range systems if the distance between RFID reader and tag is
greater than 1 meter in the applications. These types of systems operate at 868 MHz
for European countries and 915 MHz for America.
There can be some negative effects of signal propagation depends on the geometry of
the building, since reflection, diffractions and scatter waves occur at obscured area.
Moreover, as the distance between the receiver and the transmitter increases, the
strength of the waves decreases. All these negative effects should be considered by
designing of the system.
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Table 1: The Frequency Ranges used in RFID systems

Frequencies

Low

High

Ultra

high Microwave

Frequency

Frequency

Frequency

125-135 kHz

13.56 MHz

400-960 MHz

2.45-5.8 GHz

range
Distance

<0.5
(passive)

Standards

Data Speed

m <1.0

m <10

(passive)

ISO 11784/5, ISO

m >100

(passive)

14443, ISO

(active)

18000– ISO 18000–4/5

14223,

15693,

6/7, EPCGen1-

18000–2

18000–3

2

Low

Low

to Moderate

moderate

m

to High

high

3.2 RFID Technology
The Radio Frequency Identification (RFID) is used to detect tags attached to objects
by using Radio Frequency Electromagnetic Fields as non–contact. An RFID system
consists of at least two components. One of them is reader and another of them is tag.
These two components communicate each other with defined protocols.
3.2.1 RFID Tag
RFID tags include two parts which microchip and a radio antenna embedded on the
substrate. The first part is used storing and processing information and second one is
used for receiving and transmitting the signal. The RFID tag is inserted in the device
or attached to mobile objects/persons. There are many kinds of RFID tags, so it is
very crucial to choose which one must to be used in the applications. RFID tags are
categorized in the following three types: passive, active, semi-active and semipassive. As mentioned before, the UHF band is used for indoor tracking location in
this study. The passive tag was chosen to use in this work.
There is no any internal power supply in the passive tag. As soon as the RFID tag
gets in the navigation field, it is powered from electromagnetic waves due to the
reader antennas and then data processing and transmission are carried out. This
method is known as the backscattered signal in the literature. However, there are
9

some properties for different tags. There are roughly three manners properties of
RFID tags: Readable only, readable and writable, writable once, readable many [15].
The feature of the tag that is used in experiment which is readable and writable has
got Gen2 Protocol.
3.2.2 RFID Reader
The RFID reader is a device which satisfies wirelessly the data communication
between the tag and the system software which needs the information. It consists of
transmitter module, receiver module, control unit and a coupling element. There are a
few different RFID reader modules as mobile and immobile such as a portable and
handheld scanner. RSSI, phase, frequency and link quality indicator (LQI) can be
measured by using RFID reader.
3.3 Global Standards (EPC and EPCglobal) of RFID Technology
EPC is the new electronic product and it has been known as UPC (Universal Product
Code) and it was also founded in 1963. EPC can be called Radio Frequency
Identification (RFID). By the way, Electronic Product Code is known as tag id in
operations.
EPCglobal is the organizations that lead the development of industry global wide
standards for the EPC to support the use of RFID.
EPCglobal Class1 Generation2 represents the physical and logical requirement for
Interrogator (RFID Gen2 Reader) Talk First (ITF), a passive - backscatter and RFID
system operating in the 860 MHz and 960 MHz frequency range [16], [17].
Gen2 (EPCglobal Class1 Generation2) operates in the 860 MHz and 960 MHz
frequency range and EPC global tags also operate over the entire frequency range
allocated. There are passive - backscatter and RFID system operating in the 860
MHz and 960 MHz frequency range. Two basic frequencies of operation; 860 MHz –
868 MHz and 902 MHz – 928 MHz are available. We must use 860 MHz – 868 MHz
frequency ranges because of legally allowed operations over the entire bandwidth for
Turkey.
In addition, to operate in the 860 MHz frequency range the Gen2 standard also uses
FHSS (Frequency Hopping Spread Spectrum) which rapidly switches the carrier
10

among many frequency channels during the radio signal transmission, reading tags at
slightly different frequencies and then compare the results to determine if the read
was successful or not.
There are some standards used in Radio Frequency Identification technology such as,
International Organization

for

Standardization

(ISO),

International

Electrotechnical Commission (IEC) and Electronic Product Code (EPC). Some of
the standards suitable in Turkey are listed below:


ISO/IEC 18000-6 defines three types of tags. Types A and B operate at 860 to
930 MHz,



ISO 14443: This standard is a very popular HF (13.56 MHz) standard, which
is being used for passports.



ISO/IEC 18000-6 defines three types of tags. Types A and B operate at 860 to
930 MHz, but they use different encoding and anti-collision methods on the



ISO 18000-7: This is the new UHF (433 MHz) industry standard for all active



RFID products, mandated by the U.S. Department of Defense, NATO



EPC Global: Electronic Product Code standard data format

3.4 The System Equipments Used in This Study
3.4.1 RFID Reader
The Infinity 510 RFID reader used in this study called and it is manufactured by
Sirit. The The Infinity Sirit 510 is multi–protocol and multi–regional Radio
Frequency Identification (RFID). It has got high performance and supports up four
antennas as TX and RX. Another important feature is to listen before Talk (LBT). It
is equipped with both serial and Ethernet interfaces for communication. The physical
appearance of the reader and communication interfaces is given in the Figure 1. The
three antennas for transmitter and receiver and the Ethernet interfaces are used in this
work. It is possible to get information about tag_id (EPC), tid, user_data, protocol
type, time, antenna, frequency, RSSI, transmitter power and phase. Several
properties of tag information are used continuously. In this study, data type is Radio
Signal Strength Indication (RSII) measurement in dBm format for each antenna. The
reader can be programmed by using C# .NET or Java code. C# .NET socket library is
used to start reading and writing to the reader over the synchronous and
11

asynchronous channels by using socket library of Microsoft in this work. The port
50007 is used for synchronous channel based on dublex communication. Some
parameters of The Infinity 510 RFID are captured by using only this channel such as,
setting up connection with device, tag_id, antenna gain/loss, antenna power and path
gain/loss. The port 50008 is activated and used when any event occurs in the
navigation field. Antenna frequencies, phase and RSSI measurements can detected
by using 50008 port. The Figure 1 can be observed as an example of combination
channels [18].

Figure 1: The channels in Ethernet interface of the device

3.4.2 RFID Tag
Single passive RFID tag is used in this study. ALL-9460-02 is choosed as an passive
RFID tag produced by Alien Technology company. The design of the ALL-9460-02
tag is shown in Figure 2. This is Ultra High Frequency (UHF) Passive RFID tag
works between 860 MHz – 960 MHz frequency range. This passive tag is designed
according to EPCglobal Class 1, Gen2 ISO 18000 - 6C standard. The minimum
communication range of the tag is at least over 1 meter or 3 feet, also the passive tag
used in study can have a read range of up to 12 meters or 37 feet because of Gen2
Protocol.
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Figure 2: Inlays of ALL-9460 passive tag

3.4.3 Antennas
Antenna power, antenna gain and cable loss are allowed to configure in four
antennas, but just three of them is used in this study. The ddBm (deci dBm) scale is
used to arrange antenna power. It is necessary for converting dBm scale by division
operation with 10.
The frequency range of the antennas is between 865 – 870 MHz frequency band
with a 7.5 dBi minimum antenna gain in the propagation process. Antenna power
settings are arranged to 30 dBm. The manufacturer company of antennas is MTI
Wireless Edge LTI. The radiation pattern can be observed in Figure 3.

Figure 3: Radiation Pattern of The Antenna
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3.5 RFID System Design Approach in This Thesis Study
Main purpose of the project is automatically identifying and tracking mobile passive
RFID tag for indoor localization finding by using Trilateration, Weighted Centroid
Localization and Bayes Decision Theory, respectively. Beside of these location
estimation algorithms, Kalman filter will be integrated to Bayes algorithm. It is
expected to increase the accuracy of the system. Hardware unit of the navigation
system consists of three antennas, RFID reader and single RFID passive tag. The
communication between the RFID reader and monitoring system referred to
computer carries out over Ethernet channel.
Received signal strength indication (RSSI) values play a crucial point and it is used
for calculation in location estimation algorithms. Received signal strength indication
generates observation vector transmitted from three transmitters at distinct
frequencies in UHF (Ultra High Frequency) band.
RFID tags can be programmed to store and transmit data to be used for location
sensing applications. There just exists a single passive tag that passive tags require
no power source, tag in this work. RSSI measurements start to collect for tracking
purposes and measured data have got recordings of RSSI indicator levels from three
transmitter.
Figure 4 shows 41 different measurements by using single RFID tag. Each line on
the Figure indicates single measurement with a few properties of tag.


Tag_id refers to name of the tag for communication with it.



ISO-C describe to EPC1 Gen2 protocol as mentioning previous topic in this
chapter.



Tx_power are specified in ddBm ( deci dBm or tenths of dBM) for all three
antennas.



Antenna indicates the received signal according to which antenna it belongs
to.

The all outputs of the process are listed in Figure 4.
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Figure 4: Various data taken from Device

For this thesis, there are three different scenarios to carry out location finding of
subject of interest and tracking to mobile object. According to literature survey, the
methods based on probabilistic approaches satisfy better results than other
approaches used in Proximity and Triangulation especially for real time application,
so that Bayes Approach had been chosen first one and then other approaches used in
this thesis study was applied. However, there is an important factor to take care of
that the cost of the Bayes Approach is expensive than the other approaches.
The indoor area is separated into square grids and each one of them should be
considered as a class generated in every 60cm x 60cm of area in navigation field for
Bayes Decision Theory. The aim of tracking is to decide the class depending on
received signal strength indication (RSSI) values, so we can tract or estimates the
location with respect to either theoretical or empirical calculations for mapping the
signal strength measurement for statistical values or distance parameters. On the
other side, there is no any class requirement (previous location), it is needed to
indicate reference point on the navigation area for correlation between the distance
and RSS values on the navigation area for Triangulation and WCL. However, there
can be some negative effects depends on the geometrical of building, like reflection,
15

diffractions and scatter in obscured square. These kinds of problems cause
decreasing in the performance estimation. To overcome these types of ray-effect can
be modeled propagation channel.
Special attention is required to adjust the power levels of the transmitters. If the
power level is too high, RSSI readings at the neighboring locations may be very
close. If the power level is too low, RSSI readings from the most distant locations
may be low as a noise level.
Note that RSSI indicates the power level being received by the antenna and
satisfying information about location of mobile object. This received signal consists
of direct, reﬂected, scattered and diffracted waves. According to Friis’ formula, RSS
is expressed as follows [19].

is the received signal power (dB)
is the transmitted signal power (dB)
is the path loss (dB)
are receiving and transmitting antenna gains, respectively.
Propagation channel is needed to be modeled for making a decision about the
variations in the RSSI values. There are several propagation models for indoor
propagation environments and the propagation model used in this work explained
under Indoor Location Estimation Algorithms title.
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CHAPTER 4

INDOOR LOCATION ESTIMATION ALGORITHMS

4.1 Propagation Model
The location finding algorithms generally need information about correlation with
the distance between reference points referred to the antennas for this system and
current location of the mobile object which is referred to the RFID tag in this work
except Bayes Decision Theory, because it can work statistical values without any
distance information in terms of meter in this work.
Reflection, diffraction and dispersion of electromagnetic waves occur on the received
signal as interference for indoor and outdoor propagation channels. Besides of these
effects, ratings of the signals become more difficult within short propagation area.
Thus, propagation channel is needed to be modeled for making a decision about the
variations in the RSSI values for other localization approaches required information
in terms of meters [13], [20].
Log-distance Path Loss Model is preferred to use among several different
propagation approaches. It predicts the average path loss depending on distance and
propagation coefficient in according to the calculated average power with Equation
(2) while d>

.
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is the distance between the reader and reference, d is the distance between tag and
the reader. By using following Equation

, Propagation coefficient n, can be

calculated via the pre – measurement, depends on geometrical of building and
environment [21].

Where A is an reference point, is RSSI value, collected from the 1m distance of
antenna and d indicates the distance in terms of RSSI measurements. Next
Equation

gives distances between the antenna and tag is estimated in terms of

meter.

4.2 Localization Algorithm
This topic involves three well-known localization algorithms based on RSSI
measurements. Triangulation, Weighted Centroid Localization (WCL) and Bayes
Decision Theory which are used location finding of mobile object. Weighted
Centroid Localization can be analyzed under the Coarse Grained approach. This
approach utilizes proximities to locate unknown tag/tags and different antennas.
Weighted Centroid Localization is forward form of the Centroid Localization (CL),
so it would be better to give information before explaining to WCL stage.
4.2.1 Triangulation
As mentioned before, triangulation can be divided into two group: calculating
lateration and angulations of triangle for location finding application. The lateration
technique is referred in this study.
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Figure 5: Location finding by using Trilateration technique

The blind node shown in the Figure 5 represents anchor nodes (a, b and c) which
refer to antennas position. Each blind node consists of a point of coordinate x and y
axis and the notation of coordinates of the unknown node represented by (x, y) refer
to the RFID tag for this application. Each circle is drawn around the each antenna
with radius which is the distance from the mobile object to reference point. The each
distance can be extracted based on path loss model of radio signal propagation. The
intercept point of the three circles with owns distances indicate the position of the
mobile object [22].

The coordinate of the mobile object can be provided by using Equation

[23].

4.2.2 Centroid Localization (CL)
Centroid Localization (CL) behaves from the assumption, that each beacon has a
circular area within it can communicate with other nodes. It is not possible to find
location of the object with high accuracy, the technique is limited to compare the
proximity between the beacon node which is referred to antenna position and
unknown node. It is also impossible to utilize the some parameters like angle, RSSI
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and Link Quality Indicator (LQI). Each beacon/antenna communicates each other
with a circular area like in the Figure 6 for four antennas position. Thus, there are 13
intersection areas in the navigation field. When the object located within one of the
intersecting areas, it is enough to calculate its position without regardless its exact
position within the intersection area.

Figure 6: General representation of location finding in WCL Approach

The approach which is on each unknown uses the location information of all beacons
in its own range for extracting its location as centroid. The position of unknown is
provided by

as a two dimensional coordinates illustrated in Equation

where m indicates the number of beacons/antennas which are within the
communication range,

represents position of beacon over x and y

coordinate. The ratio between the communication range and beacon distance plays
very important role whether the location failure or not [13], [24].
4.2.3 Weighted Centroid Localization (WCL)
Beside of the CL, WCL utilizes parameters such as angle, RSSI, LQI. The main
difference between CL and WCL is that it is possible to take more information
influence to those beacons which are nearer to the unknown.
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where d is the distance between beacon node and unknown node, g is the degree of
the equation. As seen from Equation
and

there are inversely proportional each other,

. The higher distance is less weighted than shorter distance in Equation

. The position of the unknown node
Equation

in two dimensional spaces, as shown

, is calculated by normalized value of multiplication of the antenna

position and node weights.

The working principle of WCL is depending on the multiplication of higher weights
with the position of beacon that replaces the node position towards antenna within
the intersecting area. WCL is derived by Link Quality Indicator without any distance
information as a direct quantifier while extracting to unknown position node [13],
[25].
4.3 Bayes Approach
The tracking method, based on Bayes Decision Rule, is depended on the process of
the comparison between each obtained signal strength and signal pattern (radio map).
At the end of this process, the average of the best matches gives us location
estimation. The problem is that RSSI values are unreliable because its values differ
in each measurement even the tag is stationary. Therefore, we need to incorporate
statistical signal process technique to overcome the problem with satisfying Bayes
Decision Theory. General notation of Bayes Decision Rule as follows;

, posterior probability
, likelihood function
, prior probability of
, evidence, guarantees the posterior probabilities sum to one as a scale factor.
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Bayes approach consists of two stages such as off – time and run time stages. The
first one involves Radio MAP which represents structure of the navigation field
while generating to collect the features of a scene. After contraction of the MAP,
accessible classes referred to location candidates would be extracted from MAP to
find the location of target. RSSI values collected from antennas are recorded in a
vector called observation vector and this observation vector is compared with
accessible classes with respect to decision rule in run – time stage, then it is assigned
to location of the target by using likelihood and transition probability.
Posterior probability is used to assign the observation to class and the classification
shortly can be stated for two classes as follows [15]

Transition probability plays significantly role to be able to choose current location of
object among possible candidates which mean accessible classes around of previous
location. All accessible classes are assigned transition probability and then the
features (three of the measurements) of the biased class (Correct Class) are used for
classification as if the mobile object is being in that location. Three different
transition probability are assigned classes according to the following principles

Where k is the transition probability coefficient,

and

represents coefficients

for the biased and the initial class, respectively.
• the probability of staying at the same class is k/2
• the probability of transition from the previous class to the directed class is 2k
• the probability of transition from the previous class to all other accessible classes
assigned k.
• the sum of all transition probabilities add up to 1.
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Number of accessible classes shows changing with respect to previous class. For
instance, the accessible classes for Class 2 are extracted by algorithm as Class7,
Class6, Class5, Class3, Class2 and Class1. The system assigns the lowest probability
Class 2 for previous class. Highest probability is assigned biased Class. Equal
probability is assigned to other.
4.3.1 Bayes Decision Theory
Bayes Decision Theory is a kind of conditional probability to the problem of pattern
classification. Bayes Decision Theory is used in pattern classification and
estimation. Therefore, the pattern is designed as square grids and it is represented in
Figure 8.
Assume that there N classes (C1, C2,…,Cn) where the observed pattern belongs to
either one of these classes (patterns). The aim is to find the class Ci, to which the
observed pattern is most likely to belong to among of these possible classes
(accessible classes) [19]. For this purpose, often a discriminant function g(x) is used
as:

P (x| ) and P (
of the
Equation

) refer to conditional probability density function and probability

class, respectively. The discriminant function

(x) which is shown in

known as the maximum aposteriori (MAP) decision rule since it

chooses the hypothesis which has the highest posterior probability.
represents the probability that mobile object is in location

, given that the received

signal vector is x. the given decision rule is based on posterior probability at the first
step then it follows likelihood according to [3].
4.3.2 Problem Formulation for Bayes Technique
The environment considered in this work is a laboratory in the rectangle scale of
(1.8, 2.4)m. Each transmitter is located far away (0.5) meter from border of
navigation field (Classes). Navigation area is divided into 12 square grids with
(60)cm spaces. Out of navigation field is covered some stuff such as windows,
tables, computers and some conductive materials which cause scattering and
reflection of radio waves. Measured data consists of RSSI values and are obtained
23

from three UHF transmitters. Each of the three transmitters is located at distant
locations of the subject environment as in Figure 8. After capturing RSII values, it is
transferred to computer for processing via RFID reader.
45 RSSI measurements, provided from three transmitters by using the RFID tag, are
recorded for each square grid from the subject environment RSSI values collected
are assumed as features which belong to the patterns (classes) formed in the
navigation field. After drawing to pdf of RSSI distribution of each class, Gaussian
distribution are observed for each one. Thus, Gaussian distribution would be reliable
assumption for the likelihood function [26]. Figure 7 represents the histogram
function of RSSI values which belongs to each square grid.
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Figure 7: RSSI histogram with respect to each antenna in one class.
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4.4 Linear Discrete Kalman Filter
The Kalman filter, a set of mathematical equations, minimizes the mean of the
squared error to estimate the state of a process by efficiently computing the means.
The filter is able to calculate the estimation of past, present an even future state. It
could be also able to compute even when the precise nature of the modeled system is
unknown [27]. The more sophisticated modeling of error can be also solved by using
Kalman’s filter, as well as a way to cope with Multi-Input, Multi-Output (MIMO).
There is really good example to explain what Kalman filter does at [28].
It would be easier to explain Kalman filter with an example. Suppose that discrete
measurements

are collecting along a single line. The measurements are

averaged for getting an estimation of actual position of the point

. Consider the

simple arithmetic mean is calculated over first three iterations.

The sample means are provided at each iteration and all the calculations are stored in
memory as long as the estimation process keeps on going. A similar method is used
in Kalman filter, but with different formulation as follows:

If the equation shown above is surveyed, each iteration is treated as a weighted sum.
Each individual measurement is extracted and it is not necessary to store all
estimations in memory, because only the previous estimation is saved for use in
future iteration. The last estimation consist of the current measurement and the a
prior/predicted estimate (time-update state). It produces an optimal estimate instead
of the average, so the weights are assigned by relative uncertainty. This example
basically explains the working principle of Kalman’s filter.
There are several kinds of Kalman filter models for linear and non-linear systems.
The linear Kalman filter used for this work is in discrete form. It is better to give the
definitions of some symbols used in equations in calculation process:



predicted / priori value
updated value
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x actual / a posteriori value.
K Kalman gain/blending factor

The working principle of Kalman filter roughly depends on three states: predicted,
observation and estimated/updated/correction state:

The first stage involves two values: position and acceleration in vector form, but the
position extraction must be obtained. Therefore, two formulations, Equation 17 and
Equation 18, based on the basic physics are satisfied for the extracting position from
predicted state in the observation state.

It can be easily observed that there is a correlation between position and velocity, but
the Equation 18 shows that there is no correlation between position and velocity.
Thus, vector C can be chosen as in Equation 20.

After extracting the position, a posteriori value can be calculated over a linear
combination of an a priori value. In addition, a weighted difference between an
actual measurement, a measurement prediction in Equation

and the difference

between actual and predicted values is called innovation or residual. This innovation
indicates the discrepancy between actual and predicted measurements. If this residual
equals to zero, there is a complete agreement between these measurements [27].
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Figure 8: Discrete Kalman filter cycle

The Figure 8 basically summarizes the process of the Kalman filter. The
estimated/updated measurement will become predicted measurement for predicted
state in next iteration. This means that the equations used in Kalman filter can be
separated into two basic groups: predicted and updated states. The first one is
responsible for projecting forward the current state and error covariance estimates to
obtain the a prior estimates for the next step. The second one is responsible for the
feedback. The process is repeated with this idea. This recursive is one of the most
important features of the Kalman filter. This is known as the discrete Kalman filter
cycle in the literature.
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CHAPTER 5

EXPERIMENTS AND RESULTS

The working environment and experimental studies are given in this chapter. The
results of the location finding algorithms are introduced. In this study, four
techniques are used: Triangulation based lateration properties of the Triangle, WCL,
Bayes Decision Theory and Kalman filter. The experiment’s results consist of three
parts: Firstly, the results are shown individually for each approach. The second part
involves the comparison of the location finding algorithm’s results. Lastly, the
integration of Kalman filter and Bayes approach is presented.
5.1 Subject Environment and Data Collection
Location estimation and tracking systems are often composed of two units: data
collection and data processing. Data collection hardware can be composed of active
or passive sensors such as infrared, ultrasound, RF or Wi-Fi transceivers. However,
hardware equipment consists of passive tag, 3 transmitter-beacons and computer via
Ethernet connection in this work. The navigation field and the equipment places can
be observed in Figure 8 and Figure 9.
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Figure 9: The general representation of navigation field.

Figure 10: The navigation field covered with three antennas as a triangle form

The environment considered in this work is a laboratory in the subject scale of (1.8,
2.4) m. Each transmitter is located far away (0.7) m from border of navigation field
(Classes). Navigation area is divided into 12 square grids with (60) cm spaces. Out of
navigation field is covered some stuff such as windows, tables, computers and some
conductive materials which cause scattering and reflection of radio waves. Measured
data consists of RSSI values obtained from three UHF transmitters. Each of the three
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transmitters is located at distant locations of the subject environment as a triangle
form like in Figure 9
5.2 RSSI Measurements and Bayes Decision Rule
Bayes Classification depends on two stages: off–time and run time stages.
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measurements are stored for each Class to generate for a structure of the navigation
field. The three RSSI measurements are collected from three transmitters as a one
reading for the test, but the number of reading is assumed to be fifteen for each test
and the result reflects the percentage of these fifteen different measurements in last
column of Table 2.
Performance of Bayes Classification is shown in Table 2. In the Table 2, the columns
of Initial Class and Current Class refer to the previous class and the current class
of the user, respectively. Next columns of Estimated Class shows result of the
computation location estimation algorithm whether it is matched with current
location or not. Lastly, the columns of % of Estimated Class Hits lists the percentage
of computation of the current class.
Number of accessible classes shows changing with respect to previous class. For
instance, the accessible classes for Class 11 are extracted by algorithm as Class8,
Class12, Class11, Class7, Class6 and Class10. The system assign the lowest
probability

= 0.0769 for previous class to Class 11. Highest probability is

assigned

= 0.3077 for current Class which is Class 12. Equal probability is

assigned

= 0.1538 to other.

If we consider third column as an example to understand better of running Location
Estimation Algorithm. The accessible classes for Class 1 are found by algorithm as
Class1 Class2 Class5 and Class6 referred to Figure 8. The system assign the lowest
probability

= 0.1111 for previous class to Class 1. Highest probability is

assigned

= 0.4444 for current Class which is Class 6. Equal probability is

assigned

= 0.2222 to other classes.
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Table 2: The results of the Bayes Classification Method
Initial

Current

Estimated

%of Estimated

Class

Class

Class

Class Hits

Class 10

Class 11

Class 11

% 100

Class5

Class10

Class10

% 93.33

Class 11

Class 12

Class 12

% 100

Class 9

Class 10

Class 10

% 86.66

Class 1

Class 6

Class 6

% 93.33

Class 4

Class 3

Class 3

% 100

Class 12

Class 8

Class 8

% 73.33

Class 10

Class 7

Class 7

% 80

Class 6

Class 9

Class 1

% 40.00 - % 46.67

Class 7

Class 4

Class 3

% 46.67 - % 46.67

Class 8

Class 4

Class 3

% 46.67 - % 53.67

The classes which are not listed in Table 2 are classified correctly with changing
between % 70 and % 100 percentage rates. There are there misclassification listed
last three rows in Table 2. There are two different percentage rates in last column for
misclassifications. The fist one indicates the percentage rate of what it was expected
the correct class and second one represents the percentage rate of misclassification in
column of the Estimated Class.
5.3 The Discrete Kalman Filter
Predefined data sets and observation vector which is obtained on run-time stage are
used as inputs for Kalman filter. The Figure 20 only shows the result of antenna 3 for
Class3 in run-time stage. The output of the error covariance vector, 1 by 15
dimension, is also listed below. The aim of using Kalman filter is to filter out
interference on the signal in wireless communication. Thus, it behaves as a
preprocessing filter in the system.
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After almost six iterations, the result of the estimated values approximates the actual
data. It could be better to analyze the Figure 11 by comparing the results of the error
covariance vector. As the values in the error vector decrease, estimated data can
approximate actual data.

Acctual Data
Estimated Data

Discrete Kalman Filter
-45

-50

RSSI values in dBm

-55

-60

-65

-70

-75

-80

0

5

10

15

Measurement Points

Figure 11: The result of Discrete Kalman Filter belongs to Antenna3 for Class3
on run-time stage.

The Error Covariance Vector = [ 0,044821585805063

0,0707106781186548

0,0577350269189626

0,0500000000000000

0,0447213595499958

0,0408248290463863

0,0377964473009227

0,0353553390593274

0,0333333333333333

0,0316227766016838

0,0301511344577764

0,0288675134594813

0,0277350098112615

0,0267261241912424

0,0258198889747161]
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5.4 Weighted Centroid Localization (WCL) and Trilateration
The mobile object travels from Antenna2 to Antenna1 by following two different
path which include Class1, Class2, Class3 and Class4 for the first path and Class5,
Class6, Class7 and Class8 for the second one. The first measurement is detected 145
meters away from antenna1 and the last measurement is taken 145 meters away from
antenna2 in its trip for each row in navigation field. Each measurement can be taken
15 cm intervals on three different points in the class. The total number of
measurements equal to twelve reading for each path. Therefore, three data sets are
generated for each row of the subject of interest. These three different data sets are
used to test for both localization algorithms: Triangulation and WCL methods.
The estimation results of WCL and Trilateration for each data set can be surveyed
under owns title. It is necessary to indicate reference point in the navigation field for
comparison to the estimation results of Trilateration and WCL techniques. Thus, the
navigation area updated for Trilateration and WCL can be considered as follows

Figure 12: The general representation of navigation field with reference point.

WCL approach is better than the Trilateration approach when they are compared
each other especially for indoor application. Thus, it would be better to present the
results of Trilateration algorithm before WCL. To sum up, the accuracy of estimation
results for WCL is expected to be better than the accuracy of estimated Trilateration
results.

33

5.4.1 Estimation results of Triangulation based on the first path
12 RSSI values are measured from different points with 15 cm intervals for the first
row of the navigation area. The RSSI measurements taken from each antenna are
presented in the Table 3. The distances between reference point (0,0) and location of
object are calculated with Log-distance path loss model and Triangulation.
The results of location estimation algorithms between actual point and estimated
point can be observed and the best results of the algorithm between measurement
point and actual point appear almost matches each other in the Figure 13. The best
accuracy of the system appears at 6 and 7 measurement points in Figure 13.

Table 3: RSSI measurements taken from 3 antennas for first path
Antenna1

Antenna2

Antenna3

1

-56.412

-50.011

-52.163

2

-59.730

-53.453

-51.217

3

-54.675

-52.178

-49.687

4

-57.052

-54.409

-51.279

5

-53.773

-57.469

-51.319

6

-50.840

-56.243

-56.271

7

-52.593

-55.441

-53.747

8

-52.200

-54.382

-51.557

9

-46.133

-60.545

-57.132

10

-51.017

-56.202

-56.889

11

-47.907

-66.692

-53.610

12

-48.487

-66.375

-54.262
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Calculated by Triangulation
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Figure 13: The Figure shows information about actual position and estimated
position.
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Figure 14: The error difference between the actual point and estimated point.
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Estimated errors for each measured point occur around of 1.5 and 2 meters. The best
results can be seen around zero levels in Figure 14. It is also possible to understand
estimated position to determine whether the front of the actual location or not. Thus,
it can be easily said that almost all estimated position can locate in front of the actual
location. Maximum error is 2.3691 meters at 9th measured point.
5.4.2 Estimation results of Triangulation based on the second path
12 RSSI values are measured different points with 15 cm intervals excepting
boundary of the class for the second row of the map. The RSSI measurements taken
from each antenna is presented in the Table 4. The distances between reference point
(0,0) and location of object are calculated with Log-distance path loss model and
Triangulation.
The distances between the mobile object and reference point estimated with Logdistance path loss model and Trilateration can be observed in Figure 15. The best
accuracy of the system appears at 2, 3, 8 and 9 measurement points in Figure 15.

Table 4: RSSI measurements taken from 3 antennas for second path
Antenna1

Antenna2

Antenna3

1

-55.687

-55.073

-48.635

2

-54.255

-53.532

-48.428

3

-54.198

-54.811

-50.303

4

-52.237

-58.745

-49.134

5

-51.983

-56.583

-49.046

6

-50.806

-57.446

-49.081

7

-50.539

-56.120

-49.128

8

-48.261

-58.160

-48.992

9

-46.389

-59.051

-49.556

10 -45.691

-67.233

-50.546

11 -45.598

-62.631

-50.641

12 -45.321

-63.202

-50.650
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Calculated by Triangulation
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Figure 15: The Figure illustrates the difference between estimated position and
actual position.
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Figure 16: The error difference between the actual point and estimated point.
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The best results can be seen around zero levels in Figure 16. The error is generally
oscillated between 40 cm and 87 cm excepting three points. Seven measurement
points are located the front of the actual location. The maximum error between
estimated and actual distance is 1.5355 m is occurred at last measured point.
5.4.3 Estimation results of Triangulation based on the third path
The third data set is generated by measuring 12 different points with 15 cm intervals
excepting boundary of the class for the third row of the map. The RSSI
measurements taken from each antenna is presented in the Table 5. The distances
between reference point (0,0) and location of the object are calculated with Logdistance path loss model and Triangulation.
The distances between the mobile object and the reference point estimated with Logdistance path loss model and Trilateration can be observed in Figure 17. The best
results of the algorithm between measurement point and actual point appears almost
the same in the Figure 17. The best accuracy of the system can be observed at sixth
measurement points.

Table 5:RSSI measurements taken from 3 antennas for third path
Antenna1

Antenna2

Antenna3

1

-49.591

-52.086

-50.334

2

-53.566

-58.540

-48.270

3

-52.423

-56.604

-47.561

4

-57.379

-53.605

-45.454

5

-49.835

-59.341

-45.505

6

-51.732

-59.416

-44.559

7

-51.391

-53.255

-43.413

8

-48.918

-59.166

-44.533

9

-50.108

-61.709

-44.689

10 --50.687

-62.502

-45.751

11 -47.348

-55.390

-49.075

12 -47.800

-58.647

-49.485
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Figure 17: The Figure illustrates the difference between estimated position and
actual position
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Figure 18: The error difference between the actual point and estimated point.
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The maximum error between estimated and actual distance is 1.0219 m is occurred at
first measured point in Figure 17. The best results can be seen around zero levels in
Figure 18. The error is generally occurred between 10 cm and 60 cm for seven
measurement points, but the error of localization algorithm exceeds 1 m for just a
single measurement point.
5.4.4 Estimation results of WCL based on the first data set
The algorithm is evaluated the same RSSI measurements presented in the Table 3 are
used in Trilateration algorithm.
The distances between the mobile object and reference point are estimated with Logdistance path loss model and Weighted Centroid Localization (WLC) and can be
observed in Figure 19. The accuracy of the system is generally observed less than 5
cm. Perfect match is detected less than 1 cm at two points referred to first and fourth
steps.
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Figure 19: Outputs of WCL belong to first row in the navigation field.
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Figure 20: The error difference between the actual point and estimated point.

The best results can be observed around zero levels in Figure 20. The maximum error
between estimated and actual distance is taken 0.71 m at 9th step. As seen from
Figure 20, all estimated errors are less than 75 cm.
5.4.5 Estimation results of WCL based on the second data set
The same RSSI measurements presented in the Table 4 are used in Trilateration
algorithm.
The distances between the mobile robot and reference point are estimated with Logdistance path loss model and WLC and can be observed in Figure 21. The error is
occurred millimeter levels excepting 3 measurement points which are between 10
and 15 cm.
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Figure 21: Outputs of WCL belong to second route in the navigation field.
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Figure 22: The error difference between the actual point and estimated point.
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The all estimated errors are less than 25 cm on second path. The maximum error
between estimated and actual distance which is 0.2116 m is occurred at last
measured point in Figure 21 and Figure 22.
5.4.6 Estimation results of WCL based on the third data set
The same RSSI measurements presented in the Table 5 are used in Trilateration
algorithm.
The results of location estimation algorithms between actual point and estimated
point can be observed in Figure 23. The best results of the algorithm are always
greater than 10 cm excepting fifth step of measurement points. The error is never
occurred in millimeter levels.
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Figure 23: Outputs of WCL belong to third route in the navigation field.
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Figure 24: The error difference between the actual point and estimated point.

The accuracy of the system is limited middle of the subject of interest for fourth,
fifth, sixth and seventh measurement points. The error of estimation algorithm is
expected to increase due to communication range of beacons as the mobile object
goes to both edges of the navigation area. However, the error of the system increased
only on right side of the navigation area. The maximum error is observed at last
measurement point, because it is out of the intersection area of beacons.
5.5 The comparison of the Trilateration and WCL Algorithms
The accuracy differences cannot be neglected, when making a comparison between
Trilateration and WCL for same data sets. Table 5 and Table 6 shows the comparison
of the test results for both Trilateration and WCL algorithms, respectively. Despite of
the fact that there are three different data sets which are generated for test both
algorithms, only two of them are compared in this section. Because, all estimated
locations have never occurred less than 10 cm expect a single measurement point for
WCL. Therefore, the first and second data sets are compared.
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All estimated results which are less than 5 cm accepted perfect matches between
actual point and estimated point. The accuracy of the WCL is directly proportional to
the number of antennas. Although only three antennas are used in experiment, the
results of the WCL algorithm occurs high accuracy performance.

Table 6: The test results the both of the Trilateration and WCL for first path

The rate of oscillation
for the estimation error
in terms of meters.
The number of points for
the perfect matches
between actual and
estimated points.
The
minimum
localization error in
terms of meters.
The
maximum
localization error in
terms of meters.

Trilateration Algorithm

WCL Algorithm

1-2

0.043-0.08

2

4

0.0326

0.0043

2.3691

0.7182

Table 7: The test results the both of the Trilateration and WCL for second path

The rate of oscillation
for the estimation error
in terms of meters.
The number of points for
the perfect matches
between
actual
and
estimated points.
The
minimum
localization error in
terms of meters.
The
maximum
localization error in
terms of meters.

Trilateration Algorithm

WCL Algorithm

0.30-0.70

0.016-0.075

3

6

0.0341

0.0118

1.5355

0.2116
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When Table 5 and Table 6 are examined, the results of the WCL algorithm are much
better than the results of the Trilateration algorithm. Excepting perfect matches
points in the Table5 and Table 6, four estimated results of WCL are distributed
intervals of 5 and 10 cm for first path and five estimated results of WCL are
distributed intervals of 5 and 10 cm for second path.
5.6 The Integration of Kalman Filter and Bayes Approach
Kalman filter was integrated to the location finding algorithm, Bayes approach, to
locate the mobile object/person for enhancing accuracy of the system. As shown in
Table 2, the three misclassifications are estimated by Bayes decision rule. Same map
is used for Kalman filter and then the outputs/a posteriors of Kalman filter are used
for Bayes approach to find a location of the mobile object in the navigation area. All
the misclassifications in the result of Bayes algorithm without using Kalman filter
will be correctly assigned to the location where the mobile object is after carrying out
the integration of Kalman filter and Bayes approach. The results of the system are
listed in Table 8 for only misclassifications.
Table 8: The result of classification problem after integration of Kalman Filter
and Bayes Approach

Initial

Current

Estimated

%of Estimated

Class

Class

Class

Class Hits

Class 10

Class 11

Class 11

% 93.33

Class5

Class10

Class10

% 93.33

Class 11

Class 12

Class 12

% 93.33

Class 9

Class 10

Class 10

% 93.33

Class 1

Class 6

Class 6

% 86.67

Class 4

Class 3

Class 3

% 100

Class 12

Class 8

Class 8

% 100

Class 10

Class 7

Class 7

% 93.33

Class 6

Class 9

Class 9

% 86.67
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Class 7

Class 4

Class 4

% 86.67

Class 8

Class 4

Class 4

% 93.33

For misclassification, the recognition rate of the integration of two algorithms is
almost two times greater than the recognition rate in result of Bayes approach
without using Kalman filter. On the other hand, the recognition rate degreased
approximately ten percent for first and fifth rows as can be seen in Table 2. The
reason of this might be expressed that Kalman filter cannot converge for first six
steps, as it can be observed in Figure 11. Therefore, the first number of reading in the
test data is used instead of the first outputs of the Kalman filter due to not converge.
As explained before, the number of reading is assumed to be fifteen for each test. If
the first six number of reading is used for test, recognition rate is generally hundred
percent in each case of the Table 8.
Bayes Decision Theory can be used for both distance and statistical parameters.
However, the statistical values which belong to MAP and observation vector are
preferred to increase more accuracy result in the performance of Bayes localization
algorithm instead of using distance parameters. Beside of this assumption, Kalman
filter is generally performed with distance estimation algorithms and then the outputs
of Kalman filter is applied to localization finding algorithms. However, Kalman filter
is used in this work behaves as a preprocessing algorithm to filter out the interference
which occurs in wireless communication due to some multipath effect. These could
be expressed as the reason of the high performance after integration of two
algorithms. Before applying localization finding algorithms to find the location of the
current object, Kalman filter can be applied again in the system for enhancing the
accuracy in the result of distance estimation technique. In case of using of Kalman
filter second time, It is also expected to be more accurate in the performance of the
location finding algorithms. However, it is only used as preprocessing filter in this
study.
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CHAPTER 6

DISCUSSION AND CONCLUSION

In this thesis study, various location estimation and tracking algorithms are
introduced to find a mobile object in the small scale environment (navigation area)
for indoor applications. The aim of the work is to determine the current position of
the mobile object without any contact by using RSSI measurements. RFID system is
chosen as a navigation system that includes the Sirit 510 RFID reader which support
up four antennas, a single passive RFID tag and three antennas. The RSSI values are
collected from three transmitters in UHF band. The three antennas are located
triangle form on the navigation area.
The location estimation and tracking algorithms generally need distance information
between reference point and actual point of the object on the subject area. Beside of
this, propagation channel needs to be modeled for taking account to variations in
RSSI values due to reflection, diffraction and dispersion of electromagnetic waves.
Thus, propagation channel is modeled by using Log-distance Path Loss Model. It
satisfies distance information in terms of meters for location finding algorithms.
The navigation area is separated into grids and each grid can be considered as a class.
Localization finding of the object carried out via statistical approach and correlation
distances methods. Bayes Decision Theory is used for the statistical approach and
Triangulation and WCL are used to locate the object with calculating distances.
Bayes Decision Theory depends on two stages: observed scene and static scene
(map). 45 RSSI measurements are collected from three transmitters for construction
of the subject area (map). Bayes approach is able to predict the current position of
48

the object by comparing mean values of the classes in the observed scene. One-step
tracking test are performed in this work, so previous location of the object must be
given the user as precondition information to estimate the current location of the
object. The transition probability model is that the maximum transition probability is
assigned to the current class, minimum transition probability is assigned to the
previous class and equal transition probability is assigned to accessible classes.
Accuracy of the system is generally greater than % 70, but three classes were
misclassified by the algorithms.
After carrying out the integration of Kalman filter and Bayes Algorithm, all the
misclassifications are correctly assigned to the location where the mobile object is.
Kalman filter is applied as a preprocessing unit to cancel out the interference which
added on the signal in wireless communication due to some multipath effects. The
sensitivity of the system is increased twice by the integration of Kalman filter and
Bayes algorithm.
Triangulation and Weighted Centroid Localization (WCL) do not need any
information about previous values. They need the correlation with differences
between the tag point and reference point. Despite of the fact that both of them are
used for indoor application for this work, triangulation is much more suitable for
outdoor application than the indoor application.
Triangulation is separated into two groups: angulation and lateration. Trilateration is
used in this work because of using lateration properties of triangle and it needs the
distance parameter to indicate the intersection points of the three circles by drawing a
circle around of the each antenna for finding the position of the mobile object. On the
other side, there is an inversely proportional between weight and distance
parameters. This factor causes replacing the node position towards antenna within
the intersection area after multiplication of higher weights with the position of
beacon.
Three different data sets are generated for the test to both of the Trilateration and
WCL. The RSSI measurements are collected 15 different points on straight line for
two different paths. The test results of the localization algorithm based on
Trilateration technique shows that there is no high accuracy performance. The
accuracy of the WCL algorithm is much better than the results of the Trilateration
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algorithm when making a comparison between Trilateration and WCL for same
measurements.
To sum up, the location finding algorithms used in this work run two different
approaches: statistical scene and correlation with distance parameters between actual
point and estimated point. Bayes Decision Theory is used for statistical scene
approach and Trilateration and WCL methods are applied with distances without any
requirement of previous values of RSSI like Bayes Approach. The future work is to
work WirelessLAN instead of RFID system.
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