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Abstract— Over the past few years various localization systs
using a range location technologies have been dewetd. The
need for a unified model for developing localizatin applications
has arisen out of this work, a model which provides unified
abstraction of the current range of localization tehnologies. Out
of this need, several localization frameworks havbeen proposed
which provide a model for developing localization wstems.
However most of those have a centralized architeats, which
limits their wider application. In this paper we present a
software development model for localization systemisased on a
distributed and hierarchical architecture. Our model has a
layered architecture, where each layer has interfags to provide
services to another layer. We develop an applicatio as a
prototype implementation of the framework to illustrate the
advantages of our approach. The implementation of #a
prototype application has shown that our approach eables more
flexible development of new localization applicatins with
various different configurations than previous proposals.

I. INTRODUCTION

Developments in the area of context aware computang
been growing rapidly over recent years, with redeens
developing a wide range of context based applinatiAn
important aspect ofontext is location, which is typically an
output of a localization system. As part of thisrkyomany
localization systems have been developed for

applications, which also use other types of sensory*
information.
Currently, two localization frameworks have been

proposed in the literature as a software developmedel.
One of the most popular approaches is the Loca&iawk by
the University of Washington [1]. The model is damito the
seven-layer Open System Interconnection (OSI) mddel
computer networks. Another model is the Universatdtion
Framework developed by Intel [2]. This frameworknsists
of four layers: sensor layer, measurement laysiph layer,
and application layer.

The functionality of localization systems has eedvand
now requires more complex data processing andftireréhe
need for a more sophisticated software model foeld@ment
of localization systems has become critical. Furtire,
many
processing for scalability and performance reasdmsthis

paper we propose a software development model based

distributed, hierarchical network architecture. Thedel has a
layered architecture, where each layer will provida
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Application Programming Interface (API). We have
implemented a localization system for an emergeasponse
scenario as a demonstration of the usefulnesseoptbposed
model, which shows that our model enables moreilflex
design of new localization systems. Moreover, thedeh
enables the implementation of effective data fusibmarious
location data such as measurements from diffengrst of
sensors such as wireless LAN, inertial sensors uétrasound
Sensors.

The remainder of the paper is organized as folltw.
Section Il the design principles are briefly desed. The
proposed localization framework is presented in $leetion
lll. Section IV describes experiments conducted hwi
prototype implementation of the framework for ourosen
scenario. Finally section V concludes the paper.

Il. DESIGNPRINCIPLES

The software development model is designed basetieon
following principles.

« Unified software development model. Availability of a
common software development model for localization
systems will enable the flexible implementation of
various types of such systems.

Combination of location technologies. We can improve
estimation accuracy by fusing location data reslulte
from aggregation of more than one sensor technology
One example is the combination of measurement data
of inertial sensors and ultrasound sensors in e fir
fighter scenario. We found that the combinationl wil
increase accuracy when the system tracks and guides
the fire-fighters in the building.

« Object localization is usually concerned with context
and activities. Location information is not directly used
by the application itself. The reason for location
estimation is to enhance context data, which igally
used by a higher abstraction level in user ac#igiti

- Didtributed localization system. Localization system
architectures can be centralized as well as diggth
The proposed software development model will enable
both approaches.

Scalability of localization system. The proposed
software development model should provide scatgbili



when needed by the localization application. Theleho 4) Fusion Layer

should facilitate a common approach for developing The Fusion

both simple and complex localization systems.

. SOFTWAREDEVELOPMENTMODEL FOR
LOCALIZATION SYSTEM

Based on the design principles described in theique
section we propose a localization framework comgisof
seven layers from sensor layer to activity layer.
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Fig. 1 Fundamental design of software developmendehfor localization
system

A. Description of Each Layer

In this section we describe each layer of the psedo
software development model.
1) Sensor Layer

Sensor layer contains hardware and software drifars
detecting various physical phenomena. The intertacthis
layer is usually very specific to the sensing tedbgies used.

A sensor here could be represented by various sensc

technologies such as WLAN card, RFID reader, inksgnsor,
wireless sensor network tag, ultrasound sensorp#rets.

2) Measurement Layer

This layer provides data pre-processing capalslitie
transform raw sensor data into a geometric measnetype
along with uncertainty based on a model of the @etisat
created the data, e.g. distance, angle, proximénd
fingerprint signature

3) Aggregation Layer

Collects and caches data from sensors,
intermittently connected devices, provides commating/
gateway to different technologies, e.g. wirelessisee
network, and registration and authentication sesjiprovides
global time synchronisation service for clients.

layer provides localization data fusion
processing of streams of measurement data. It imgiés
algorithms to continually fuse streams of measurgnaata
into a time-stamped probabilistic representatiorpo$itions
and orientations of objects. We use a sequentiatinear
Bayesian filter technique, implemented as partiitlers [5],

to estimate location in real multi-sensor environtse
However, other implementations can also be used.

5) Arrangement Layer

The layered model has also a mechanism to provide
information about relationships between objects thre
arrangement layer. Each object will be related te i
corresponding environment description (map, floanp The
layer has also responsibility to convert locatioformation
between absolute and relative coordinates whichuaesl in
the fusion layer

6) Context Layer

This layer has responsibility for merging location
information with other non-location, context infaation such
as personal data (calendar, email, and contacty, lis
temperature, light level and others.

7) Activity Layer
The layer provides an interface to specific appiica

activities such as a system of rule-based trigg#iging
particular application scenarios.

B. Distributed Localization Model

As a requirement in the firefighter test case we
implemented the localization model into a distrézlisystem
as shown in Fig 2. The system has the same artiéeas
our reference model and consists of four subsystenasn
server, rich-client, thin-client, and provider. Basubsystem
has specific characteristics which relate to itte rm the
system.

ENV: Map Database,
Fingerprint, floor plan, map
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Fig. 2 Distributed Localization System

1. Server provides service to the client. It acts as thenmai
computational machine. It implements the functidies
from aggregation layer up to activity layer.



2. Rich Client is a client which has processing capabilityo connect the bricks to other devices like a puetaor
Basically, rich-clients have one or more sensors faearable computer within the network.
gathering data of physical phenomena and capasilit Firefighters deploy Relate Bricks along their hpat
pre-process the data. Examples of this type ofcdeare establishing an ad-hoc infrastructure for positigniand
mobile PC and PDA. communication. Firefighters interact with this semeetwork

3. Thin Client is a subsystem that mainly consists of sensdrg way of wearable computing equipment and receive
and very limited processing capability. Examplegho$ navigation information on a head-mounted displayoeer a
kind of device are Wifi tag. RFID tag. headset.

4. Provider provides supporting information about Another sensor used is the MTX inertial measurement
environment description such as maps, floor plamsl sensor (Xsens) which is a shoe-mounted device stimgiof
fingerprints. accelerometer, magnetometer (compass), and gyrescop

sensors. It has an embedded processor capablécafatiag

roll, pitch and yaw in real time, as well outpugtinalibrated

IV. APPLYING LOCALIZATION MODEL IN 3D linear acceleration, rate of turn (gyro) andtreanagnetic
FIREFIGHTERSCENARIO field data. Measurements from the accelerometescsewill

In this section we demonstrate in an example agfdioc as be used to calculate displacement (step-lengtliyeffghters
to how the distributed software development model while magnetometer and gyroscope are used to dieeerime
propose here can be used as a framework to devettiqection (heading) of the firefighter's movements.
distributed localization applications. The impler@ion is The Provider supports the application by providing
based in part on our work in the European CommigsiBP6 environment data related to the localization systérhe
funded project “WearlT@Work”. typical environment data is a floor plan map. Thap is
, needed by the fusion engine to relate between fapebjects
A. Scenario and their position on the floor plan map.

The goal of the firefighter scenario is to guidesfighters Fig. 4 shows the block diagram of the software igcture
entering a building when visibility is impaired die smoke used in the experiment in relation to the layerethiecture
and also to guide them to find exits from the bodd The model of the localization framework. The two bottonost
system also aims at helping other firefightersaketthe same layers of the architecture gather measurement datthe

path. physical phenomena i.e. acceleration from acceletem
sensors, heading (direction) for gyroscope sensarg]
Provider distance from ultrasound sensors.
Application ‘
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i Arrangement i Arrangement
Layer H
e gig
............. . ' Location Engine
TCPIP { RF Fusion Layer (Particle Filter) ‘

i o

Rich Client : 1 ICE Interface
Ultrasound Sensor H ;
Server ' .

iAggregation Layer i
1 1

o ———
Fig. 3 System configuration for firefighter sceiari : :
; o o

The configuration of the firefighter scenario usedhe test

. . . easuremen i PDR Ultrasound
case involves the firefighter command post outsitie 5 iy E[Measurement [Me:fmmmtJ
building (server), two types of sensors, provider] one rich e |
client as shown in Fig.3. The first type of senisothe Relate | SemsorLayer |

Brick which uses ultrasound technology. Core prsicesand

o o
g
communication of the bricks is handled by a PIC18 ~~ T

microcontroller and an 868 MHz radio front-end [4]he Fig 4. Block Diagram of localization system andresponding layer in the
sensor board consists of four 40 kHz narrow-bathstdund localization model

transducers, a temperature sensor and power sy
AAAA batteries. The transducers act both as reeeiand
transmitters. A USB port is used as a communicatioidge

The Data Aggregator collects and caches both Peémlest
Dead Reckoning (PDR) data from the Xsens units and
ultrasound data from the Relate Bricks. It also esak
necessary modifications to the data format in otdenake it



suitable for the location engine. As part of theyragation
layer, it has interfaces to communicate with theatmn
engine.

The Location Engine uses a particle filter algamtha
technique that implements recursive Bayesian Hilgeusing
the sequential Monte Carlo method [5]. It is basada set of
random samples with weights, or particles, to regmné the
probability density. In addition, the location emgialso uses a
map filtering technique [5] and a back trackinghteique [6]
to improve accuracy of the tracked objects. Mageriihg is
implemented in a way to prevent particles, whichresent a
tracked object, to move through a wall or otheidsobject.
Particles are only permitted to move along corigdar within
rooms.

In the arrangement layer we associate object pasiti

resulted from the fusion engine (location enginedhwhe
environment description used in the experimentalmore
advanced scenario this layer is also responsiltlevfaluating
the relationship between two or more objects.his $cenario,
we simply created a visualization which implemenie
context and activity layers, as we do not emplogtert and
activity layers yet.

Determining the appropriate services, functioreditiand
interfaces in these layers are an important aredutfre
research. These layers will provide standard iates$ through
which most applications will access the locatidioimation.

This software architecture uses the distributedllnation

Fig. 6 Visualization of the fire-fighter scenario

With the experiment we have demonstrated and etsdua
the performance of the software development modsgsed
in a real test case localization application. Tludtveare
development model has been designed genericallyginto
support not only the test case application, butah be
considered as a common approach to develop neviziaitan
systems. The software model allows also aggregatinigjple

framework where computation of measurement datastakocation sensor technologies, i.e. inertial sensansd

place in different sub-systems. A simplified diagraf the
software architecture is shown in Fig 5.

Localization

Server

Inertial Ultrasound
Sub-system Sub-system

Fig. 5 Simplified block diagram of distributed Idieation framework
implementation

Both subsystems have sensors as well as data pesging

ultrasound sensors, in this implementation in orttetake
advantage of each technology.

Finally, the model provides an opportunity for ctamé
evolution of localization system development angdlogment
of new technologies into existing applications. Thst case
implementation has shown that the software model we
proposed facilitates combining more than one locati
technology and a range of sensors. This will likélgve
impact on improving localization system’s quality the
future.

V. CONCLUSIONS

In this paper we have presented and demonstrated an

implementation of our novel software developmentieidor
localization systems based on a distributed andattbical

capabilities to process data and handle communitatarchitecture. The model proposes a layered arthitec

between subsystem and localization server.

B. Result

A graphical visualization has been used in the ¢ast in
order to visualize both, object movement and kelihood
(particle). Fig. 6 shows visualization of the fiighter's
movement in the building environment used in the tase.
Fig. 6 has three different path colors represenrtirgtrack of
firefighters. The brown path is ground truth whitee blue
path is the estimated path as a result of the ilmtangine
using our particle filter and map filtering algdmihs. The
green line is visualization of firefighter's patfftea back the
tracking algorithm is used in the data fusion pesce

where each layer has interfaces to provide sentcesother
layer. We have developed a test case applicatioraras
implementation of the framework to illustrate thdvantages
of this approach. The implementation of the teskeca
application has shown that this approach enablee flexible
development of new localization applications whoem have
various different configurations. The model enalienstant
evolution of localization system development angdlogment
of new technologies into our current localizatigatem.

Future research will be concentrated on analyzind a
developing implementations of the two uppermostetay
(context and activity) of the model. It will alse linteresting
to develop more advanced, three-dimensional vizsaiadin.
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