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Editorial

Editorial

In The Fifth Anniversary of UPGRADE

It'sapleasant duty to welcome readers to the fifth anni-
versary edition of UPGRADE — the journal of CEPIS. We
hope that readers find it an interesting and useful read. Its
electronic presentation and international sourcing of mate-
rial are reflective of the international nature of CEPIS and
of our commitment to the promotion of beneficial new tech-
nologies.

We remain committed to increasing the scope of mate-
rial included in UPGRADE, both in terms of the sources of
material and the subjects covered. Encouraged by what we
have seen of UPGRA DE, the Executive Committee of CEPIS
is developing a broader strategy for communications to its
members, external stakeholders and partners and the world
of IT users. That strategy, and UPGRADE'splaceinit, will
develop over the coming months. We intend to make our
publications more useful through thisreview.

CEPISisparticularly grateful to the Spanish society AT
(Asociacion de Técnicos de Informatica) and the editors of
its journal Novatica for their contribution in editing and
managing the publication of UPGRADE fromitsinception.
Such acontribution iseasy toignore, but it hasbeen of crucial
importance in getting the journal started.

We all wish UPGRADE and its editorial team a very
happy birthday and afruitful future. We' re extremely grate-
ful for the large amount of voluntary effort that goesinto its
production, which isin the best tradition of CEPIS. We also
wish all readers a prosperous and happy 2006.

Geoff McMullen
President of CEPIS
<president AT cepis DOT org>
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Computing Omnipresence

Presentation

An Outlook for Ubiquitous Computing:
Computing Power Anywhere and in Any Device

José-Antonio Gutiérrez de Mesa, Daniel Rodriguez-Garcia, and Miltiadis D. Lytras

This article, in addition to introducing this monography of Novatica and UPGRADE, looks into the mobile communica-
tions systems used in machine to machine communications (M2M). We see how wireless modules are proving to be the
most appropriate technology for optimizing business processes in many industrial and service sectors. We also look at
what we believe to be the two most interesting fields of M2M communications in terms of the ideas behind them and the
innovative products they spawn: telemetry and telematics systems. As an annex to the article we offer a list of useful

references on Ubiquitous Computing developer communities.

Keywords: GPRS, GSM, 2ME, Mabile Devices, Mo-
dems, Ubiquitous Computing, UMTS, WiFi.

1 Introduction

Itistraditional in Novatica and UPGRADE monographs
for the guest editors to write a presentation in which they
describe the content and the salient features, followed by an
article in which the same guest editors set out the main
characteristicsand the so-called " state of the art" of the sub-
ject of the monograph. In this particular monograph, for
practical reasons we have decided to combine these two
articles into one, so as to provide the reader with a single
overview. We start by looking at the most common devices

The Guest Editors

José-Antonio Gutiérrez de Mesa is a graduate in Computer
Science from the Universidad Politécnica de Madrid, Spain, a
graduate in Mathematics from the Universidad Complutense
deMadrid, agraduatein library and information sciencesfrom
the Universidad de Alcald, Spain, and Doctor of Science from
the Universidad de Alcala, where he currently works as an
associate professor. He has developed his professional career
in various companies in the sector, acting as project manager
on several occasions. He has also held posts as Director of IT
Services at the Universidad de Alcald, Assistant Director of
the Escuela Politécnica de la Universidad de Alcala de
Henares, and Secretary of the Escuela Técnica Superior de
Informatica of that same university. He currently lecturesin IT
engineering and in the Library and Information Science Faculty,
while supervising anumber of doctoral thesesin the Computer
Science Dept. Heis Chair of the Programme Committee of the
First Iberoamerican Congress on Ubiquitous Computing
(CICU) and has authored several publications on this subject.
<jagutierrez@uah.es>

Daniel Rodriguez-Garcia graduated in Computer Science at
the Universidad del Pais Vasco, Spain, and received his PhD
from the University of Reading, United Kingdom. He currently
lectures at Reading in the Dept. of Computer Science and is a
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using ubiquitous computing technology: wireless modules
and terminal swhich also make up the most innovative seg-
ment of mobile transmission and reception technology.
Weighing in at just afew grams and optimized down to the
smallest possible size, these modern high-tech components
enableall kinds of objects, devices, and applicationsto com-
municate easily and at any distance. Wireless modules and
terminals are able to transform anything into a mobile net-
work connected device, opening up almost endless commu-
nication possihilities. Thisisno pipedream: it isaforetaste
of mobile applications to come, which will be based on
wireless communication between machines (machine to
machine or M2M technology).

member of the ACET (Centre for Advanced Computing and
Emerging Technologies). Hisresearch interests are focused on
software engineering and include software metrics and
measurement, software engineering experimentation and soft
computing, and distributed systems.
<d.rodriguezgarcia@reading.ac.uk>

MiltiadisD. LytrasholdsaPhD from the Dept. of Management
Science and Technology of the Athens University of Economics
and Business (AUEB), Greece. His first degree was in
Informatics (AUEB, Greece) while his further studies include
an MBA degree from AUEB aswell as a postgraduate diploma
in Adults Learning (Selete Patras). He is a faculty member in
both the Computers Engineering and | nformatics Dept. (CEID)
and the Department of Business Administration at the
University of Patras, Greece. Hisresearch focuses on Semantic
Web, knowledge management and e-learning, with more than
70 publicationsin these areas. He has co-edited thirteen special
issues in international journals and has authored/edited six
books. He isthe founder of the Semantic Web and Information
Special Interest Group (IG) in the Association for Information
Systems, <http://www.sigsemis.org>. He serves as the Editor-
in-Chief for three international journals, while acting as an
associ ate editor or member of the Editorial Board in seven other
journals. <mdl @eltrun.gr>
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1.1 Ever Smaller Devices

Terminals are becoming smaller and smaller and, accord-
ing to Moore's Law - first postulated in the sixties and till
valid today - the processing power of microchips doubles
every eighteen months. This has led technology providers
to supply inter-connectable equipment to communicate
"anything". In 1995 Siemens started the ball rolling in the
machine to machine communications market with their M1,
the first module to be compatible with the GSM mobile
telephony standard. They were followed by NOKIA and
WaveCom, and a number of other manufacturers who day
by day brought improvementsto the performance of wireless
module (WM ) technologies. Current wireless modulesfrom
the various manufacturersweigh in at abare 8 to 12 grams.
They incorporate (and in most cases support programming
in) Java 2 Micro Edition (J2ME) or, in the case of the
Windows Mobile devices, they incorporate .NET technol o-
gies.

Ubiquitous computing, or computing power anywhere
and in any device, however familiar, is made possible by
processors of this type connected wirelessly. By using tiny
sensors, life is imbued with a new capacity for processing
and communi cating information wherever itis. Thishasgiven
rise to a number of new applications which will have an
economic and social impact beyond anything we can
imagine.

In order to create this new type of ubiquitous computing
software we need to distinguish between modules and
terminals. On the one hand we can say that wireless mod-
ules are integrated in a solution; they are normally used to
build new devices or they are embedded in domestic appli-
ances or other more or less commonplace devices. On the
other hand we have terminal s which are independent units;
they have their own case and can be connected to other de-
vices by cable or by short rangeradio links such as Bluetooth
or WiFi (WirelessFidelity), aswell asto datanetworks sup-
ported by the mobile telephony operators.

1.2 Devices Are Becoming Miniaturized

The miniaturization of componentsismaking it possible
for wireless module based ubiquitous computing to reach a
world of applications that just a few years ago would have
been unthinkable. For example, wireless modems used in
home security systems enable householders to be kept per-
fectly informed about the state of their homes and even to
remotely control certain devices, such as the heating, cur-
tains or blinds, lighting, or the washing machine.

Thisbringsusto the sectors currently enjoying the strong-
est growth: machine to machine (M2M) applications and
the gadgets (or accessories) and applications used by the
automobile industry. The latest ubiquitous computing
terminals make it possible to monitor the correct function-
ing of the various modules to be found in a car. These per-
mit insurance companies to be kept informed about the risk
implicit in speeding or driving in areas with alarge number
of accident black spots, provide drivers with GPS-based
(Global Positioning System) navigation, and even tell them
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where the nearest service station iswhen their car switches
over to itsreserve fuel supply. Or when the car detects that
it needs some kind of serviceit can "negotiate” an appoint-
ment with the garage that best suits the user.

In homes, central heating and air conditioning systems
can be remotely controlled, while refrigerators can be kept
stocked up and consume-by dates controlled, in the same
way that vending machines inform restockers when stocks
fall below reorder levels.

Another important sector is telecontrol: wireless mod-
ules use sensors to obtain measurements of traffic flows,
ambient air pollution, or weather data, process them, trans-
mit them if necessary, and take decisions which are imple-
mented via el ectronic actuators.

2 Good Prospects for Commercial Develop-

ments

M obiletel ephony-based machine to machine applications
and solutions are forecast to enjoy strong growth and stable
market conditions in the future. In fact, it is expected that
the vast majority of objects, devices, and machines engaged
in mobile interaction will soon equal or outnumber human
users of cellular telephony.

According to estimates from NTT DoCoMo, <http:www.
nttdocomo.com>, Japan’s top mobile phone operator, by the
end of thefirst decade of thiscentury only onein three of their
customerswill be human. The Fraunhofer Institute for Secure
Telecooperation (SIT) predictsthat in 2008 mobile deviceswill
be the most common way to make atelephone call, connect to
the Internet, and make electronic payments (see <http://
www.sit.fraunhofer.de/cms/en/forschungs berel che/forschungs
berei che.php>). Services and content for the household sector
are also expected to be the most successful applications. And
according to Forrester Research, in 2020 the number of mobile
machine "sessions’ will be exceed the number of persona
"sessions' by afactor of 30 (see <http://www.forrester.com/
my/0,7179,2-0,00.html>). Market research forecasts that the
world market for wirelessmodulesand terminalswill turn over
around 3,500 million eurosin 2006. Thismarket can be broken
down into three main segments. M2M, automotive, and
consumer products.

2.1The Machine to Machine Communications
Sector: Possible Opportunities for Application in
Telemetry And Telematics Systems

In this section we look at some of the sectorsin which
M2M applications show the strongest growth.

TheTelemetry Sector

On the one hand there is telemetry which enables the
properties of systemsand devicesto be controlled remotely
wherever they are located by sending numerical measure-
ment information or capturing datawithin their reach. Mean-
while telematics systems combine tel ecommunications and
computing to enable connected and normally mobile sys-
temsto exchange data. The effective operation of telematics
systems allows companies to maintain a virtual presence

Novatica ©
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wherever it is needed, thereby improving their bottom line.
Thus, by way of an example, Siemens Mobile's latest
M2M moduleisthe XT55, thefirst compactly designed tri-
band GSM/GPRS-enabled (General Packet Radio Service)
modulefeaturing a GPS receiver for satellite navigation. The
combination of these two technologies enables users to
seamlessly track goods, vehicles, and even people. The new
tracking module will have a great many uses, especially in
such fields as transport, logistics, and security services.

The Automotive Sector

One of the applications of this technology expected to
gainamajor boost from theincorporation of UMTS are mul-
timedia and telematics systems for vehicles, providing
infotainment servicesfor driversand their passengerswhile
increasing the safety of the vehicle itself. Although this
market is still in its infancy, according to analysts Frost &
Sullivan [5] thetotal turnover from automotiveinfotainment
technologiesin Europewill top the 9,000 million euro mark
in 2010. In the next few years telematics systems will be-
come practically standard equipment in al new vehicles sold
in Europe.

2.2The Consumer Products Sector

Wirel essterminals and modul es provide connection with
greater freedom of movement for both work and private use.
Thanksto GPRS and 3G/UMTS (Third Generation/Univer-
sal Mobile Telecommuni cations System) technol ogies, con-
nections can be kept active permanently (operators charge
per bytetransmitted, not by connection time). Current tech-
nology aready alows us to enjoy mobile computing and
multimedia services on our PDASs (Personal Digital Assist-
ants) and laptops, and the multiplexer function permits paral-
lel wireless voice telephony, faxing, text messaging,
downloading, emailing, and I nternet access so asto be able
to stay connected without communicating if need be. The
packet-based transmission modein GPRS (i.e. packet switch-
ing) permits continuous operation, enabling users to keep
their email accounts open without interruption so they can
read their messages as they comein.

Some manufacturers, like Siemens with their Gericom
model, have already started to install wireless modules in
their portable devices. Panasonic, for example, offerswire-
less modules as an option in their "Toughbook" range of
laptops and handhel ds designed for use on construction sites
and in maintenance, rescue, and research work and able to
withstand extreme conditions.

By way of an example, some service providersare offer-
ing wireless handheld PCs (Personal Computers) to stock-
brokers in Taiwan to enable them to keep up to date with
stock market trends and to trade online. Another exampleis
in Hong Kong where PDAs are used by betting offices to
keep them in touch with their customers so they can place
betsfrom anywhere at any time. A doctoral student isdevel-
oping a ubiquitous computing based system to meet the
quality management requirements of a major nationwide
corporation, and aresearch team isdevel oping a PDA -based
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system for use as a smart virtual tourist guide for program-
ming routes according to the time the tourist has available,
hisor her tastes, and any possible overcrowdedness of tour-
ist venues, plus other considerations such asthe weather and
traffic congestion.

More and more multiple use modems are coming onto
the market. These small add-ons, also referred to asdongles,
can be connected via a USB (Universal Serial Bus) inter-
face, or when produced in the form of slim PCMCIA (Per-
sonal Computer Memory Card International Association)
cards can beinserted into laptops, handhelds, and other units.

3 Communication Technologies

3.1 GPS Systems

GSM (Global System for Mobile Communications) isa
digital system for land mobile communications which was
initially used in Europe but later became aworldwide stand-
ard [5].

A GSM systemisaradio cellular communications sys-
tem. The areato receive coverageisdivided up into smaller
cellsin order to make the best use of the spectrum assigned
to each operator and to reuse the available channels.

Basically communication via GSM works as follows.
When the mobile device is switched on, asignal is sent to
the Base Station Controller (BSC) via the base transceiver
station which is providing coverage to the mobile terminal
at that moment so the call can berecordedintheVLR (Visi-
tor Location Register).

In order to make a call thefirst thing the system doesis
to request a signalling channel to communicate with the
network and send it the necessary information (contained in
the SIM, Subscriber Indetification Module) to establish a
cal. Thenthereisadialoguewith the HLR (Home Location
Register) to establish such parameters as routing, speed,
target address, error correction technique, etc.) after which
communication is established.

3.2 GPRS systems
GPRS systems were introduced by the ETSI (European
Telecommunication Standard Institute) as part of the sec-
ond phase of GSM. It uses packet switching communication
permitting, among other things, always-on Internet
connection and access to data networks. The transmission
speed and bandwidth are also greater than with GSM and
the serviceispriced by the amount of datatransmitted rather
than by connection time.
In addition to some software changes to the current
GSM network, GPRSincorporates three new hardware el e-
ments (GGSN, SGSN and PCU), over an |P-based back-
bone.

3.2 UMTS Systems

UMTS (Universal Mobile Telecommunications System)
isamember of the global IMT-2000 family of the ITU (In-
ternational Telecommunication Union) third generation
mobile standards. UMTSwill play aleading rolein the crea-
tion of the future mass market for high quality wireless
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multimediacommunicationswhich will reach 2,000 million
users worldwide in 2010. UMTS is the preferred mobile
platform for tomorrow’ slarge content services and applica-
tions. In the last ten years UMTS has been the focus of
intensive research and devel opment worldwide, and is sup-
ported by a many of the major telecommunications manu-
facturersand operators asit provides an opportunity to cre-
ate amass market for access to the Information Society for
highly personalized and user-friendly mobile services.

UMTSextends current mobilewirelessand satellite tech-
nologies, providing greater capacity, data transmission ca-
pabilities, and a much wider range of services by using an
innovative radio access program and an improved core net-
work.

4 Use of Modules

Wireless modules are typically governed by a PC or a
PDA, but when the application hasto fit into a small space
it is normal to use an ad hoc circuit controlled by a small
microcomputer, such asaPIC or similar.

It is now becoming normal for the microcomputer con-
trolling the module to be capable of being manipulated by
some sort of programming language provided by the mod-
ule manufacturersthemselves. Thisprogramisstored in part
of the user’s memory and generally communicates via AT
type commands.

The development of truly robust business applications
inwhich security aspects may be compromisedisalsoafield
which needs to be looked into, as is the entire lifecycle of
ubiquitous computing based information systems.

5 Content of the monograph

Thismonograph comprisesten articles covering specific
aspects of the ubiquitous computing world both from atheo-
retical and a practical standpoint. Some of these articles
have been chosen from the First Iberoamerican Congress
on Ubiquitous Computing (CICU) heldinthecity of Alcala
de Henares, Spain, from May 4 to 6 of this year, <http://
www.cicu.uah.es/>, which took over the baton from the
M obigame conferences held at the same university the four
previousyears. Other prestigious European authorshavealso
been sel ected to complete the view afforded by this edition.

To prepare this monograph we decided to divide the ar-
ticlesup into four broad thematic sections, thefirst of which
deal swith fundamental s and emerging technol ogies. For this
section we chose the article " The Critical Mass Problem of
Mobile Ad-hoc Networks' by Jérg Roth, from the University
of Hagen in Germany, written having in mind that mobile
ad-hoc networks have become increasingly popular in the
last years and promise a huge potential for the future for
mobile and ubiquitous computing scenarios. In this section
we also include the work "Device and Context | nfluence on
Wireless Infotainment Access: A Real World Sory", by Tacha
Serif and George Ghinea, from Brunel University in the
United Kingdom, which describes the interesting results
obtained from areal case study of the use of mobiledevices.

The second section is devoted to new needs of today’s
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mobile communicationsand is headed by L uis Bengochea-
Martinez's article "The Problems of Printing in Server-
Based Computing Environments', where the author, from
the Universidad de Alcala in Spain, looks at the need for
standardised criteria for companies, and more specifically
he proposesthe use of PDF documentsto try to aleviatethe
load on print controllers and servers. In their article "Using
FOAF to Support Community Building”, Brian Kelly and
Leigh Dodds, from the University of Bath in the United
Kingdom, provide us with a practical case of how to use
FOAF to capture metadata in XML (eXtensible Markup
Language) capable of being used in the construction of a
globally available semantic web for ubiquitous terminals.
Meanwhile, the paper " Towards Ubiquitous Computing with
Quality of Web Service Support"”, by Yannis Makripoulias,
ChristosMakris, YiannisPanagis, Evangel os Sakkopoulos,
Poulia Adamopoulou, Maria Pontikaki, and Athanasios
Tsakalidis, al fromthe University of Patrasin Greece, stress
the need to establish control parameters in order to select
Web Services with sufficient quality, especially when they
involve consumers of servicesusing ubiquitousdevices. This
second sectioniscompleted by the article " The Open Source
Software vs. Proprietary Software Debate and Its Impact
on Technological Innovation", provided by aresearch group
from several universities comprising Ricardo Rejas-
Muslera, Juan J. Cuadrado Gallego, Javier Dolado-Cosin
and Daniel Rodriguez Garcia; thisarticle takesalook from
alegal point of view at the possible future consequences of
current policiesand trends affecting legal software protection
and the presence and accessibility of Open Source software,
with aspecial focus on ubiquitous deviceswhereany decision
taken will affect millions of potential users.

Thethird section deals with initiatives for creating new
services for ubiquitous, and thefirst article isfrom agroup
of lecturers from the Electronics Department of the
Universidad deAlcala (Carlos-Manuel De Marzani, Jesis
Urefia-Urefia, Alvaro Hernandez-Alonso, Manuel Mazo-
Quintas, Ana Jiménez-Martin, Juan-Jesus Garcia-
Dominguez, José-Manuel Villadangos-Carrizo, and
Fernando-Javier Alvarez-Franco) entitled"Localizationin
Ubiquitous Computing Using Acoustic Sensor Network in
which they present their results regarding the processing of
contexts or relevant information about objects, and the
techniques and mechanisms that determine the spatial rela-
tionshipsthat exist between those objectswhich enablethem
to be located. The other article in this third section is enti-
tled "Portable System For Patient Monitoring With Wire-
less Technologies', by José-Manuel Rodriguez-Ascariz,
Luciano Boquete-Vazquez, Ignacio Bravo-Mufioz and
Pedro Martin-Sanchez - also from the Electronics Depart-
ment of the Universidad de Alcala - describes a hardware-
software solution in a ubiquitous computing environment
for processing electrocardiograms capable of performing
calculations to help doctors make their diagnoses.

Thefourth and final section dealswith real applications
intheworld of computing mobility. Here we have chosen an
article by José-Julio Gonzalez-Pozo and Manuel Ortega-
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Cantero, from the Universidad de Castilla-La Mancha in
Spain, entitled "SIGLAS. A practical case of the applica-
tion of Ubiquitous Computing in Warehouse Management"
in which they take alook at the processes that need to be
undertaken in order to implement thiskind of technology in
specific business organizations. This section, and the
monograph, close with the article "Ubiquitous E-Manage-
ment of Indicators", written by Eladio Dominguez-Murillo,
Angel De Miguel-Artal, Beatriz Pérez-Valle, Aurea
Rodriguez-Villanueva and Maria-Antonia Zapata-Abad,
from the Universidad de Zaragoza in Spain, provides us
with, among other things, an action protocol for the diagno-
sis and treatment central catheter related infections which
focuses on those technol ogies of ubiquitous computing that
involve the creation of environments with high processing
and communication capabilities that respond to static
changes.
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Useful references on Ubiquitous Computing developer
communities

Developer communities are free membership associations in
which tools can befound to devel op J2M E applications. Normally
manufacturers do not open up their websites to you unless you
have registered asacommunity member. When you are amember
of a specific community the manufacturer will allow you access
to privileged information and let you download the rel evant toolkits
by using the user keys and passwords provided.

The toolkits contain compilers, device emulators, and even
some examples for testing and training purposes, to help users
build their own first applications.

One of the most important communitieswe should mention is
the one belonging to SUN Microsystems, the IDC (JavaDevelop-
ment Connection) community, which can be accessed at <http://
devel oper.java.sun.com/developer>. The environment has the
functionality required to create and compile projects and then test
them on various wireless simulators, such as a colour phone, a
black and white phone, and a widescreen phone. It is also
integratable with Forte for Java project development.

IBM’s user/developer community is accessible at <http://
www.ibm.com/devel operworks> and uses IBM’s Visual Age Mi-
cro Edition for Java. The environment incorporates not only com-
pilers and emulators but also a number of virtual Java machines
to test several different environmentsand asupport tool for project
management.

Borland’s Java community is at <http://community.
borland.com/java> which provides JBuilder tools integrated to
work with Nokia The version, called Nokia Mobile Set, enables
users to develop J2ME applications.

In some cases it is a good idea to use the developer environ-
ments provided by the mobile device manufacturers such as
Motorola's community with their MAGNET (Motorola Applica-
tions Global Network) environment, available at <http://
www.motorola.com/devel opers>. Thereis also a30-day trial ver-
sion of the development kit Metrowerks CodeWarrior which ena-
bles users to develop projects using 2ME, asin the previous en-
vironment, but which can be used to produce offline games as it

© Novatica

hasaWireless Toolkit. The downsideisthat its software only emu-

lates some of Motorola's own terminals, such as the i50 and the

i85.

NOKIA'’s development environment, called Nokia Devel op-
ment Forum, isaccessible at <http//www.forum. nokia.com> while
Siemens’ environment is to be found at <http://
www.siemensmobile.com> by accessing the Developers Portal.

Other interesting information is to be found in KVMwp.pdf
which is a set of general information about J2ME downloaded
from SUN’s website at <http://archives.java.sun.com/archives/
kvm-interest.html>.

Other mobile communications foraand sites are listed bel ow:

B <http://www.umts-forum.org> is the body promoting UMTS
in the market.

B <http://www.3gpp.org/> from Third Generation Partnership
Project, creators of 3G standards.

B With regard to standardization processes we should also men-
tion the IEEE 802.16 committee whose purpose is to stand-
ardize broadband wireless access. |IEEE 802.16 is, in fact, the
WLL (Wireless Local Loop) standard today.

B Information on the Eighth International Conference of Ubig-
uitous Computing to beheld in Cdiforniaisavailable at <http:/
/ubicomp.org/ubicomp2006/>.

B A journal providing news and views on the subject of ubiqui-
tous computing can be found at <http://www. personal-
ubicomp.com/>.

B [nformation on ubiquitous computing can be found in
"wikipedia" at <http://en.wikipedia.org/wiki/
Ubiquitous_computing>.

B [nformation about initiatives from the Ubiquitous Computing
Evaluation Consortium can be found at <http://
ubigcomputing.org/ubiq_initiatives.html>.

B [nformation about Carnegie Mellon University’s Project Aura
isavailable at <http://www.cs.cmu.edu/~aura/>.
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The Critical Mass Problem of M obile Ad-hoc Networks

Jorg Roth

Mobhile ad-hoc networks have become increasingly popular in the last years and promise a huge potential for the future for
mobile and ubiquitous computing scenarios. Ad-hoc networks allow users to communicate without a fixed network infrastruc-
ture, thus are interesting for many mobile communication scenarios. Multi-hop ad-hoc networks extend the communication
range of individual nodes with the help of ad-hoc routing protocols. Many researchers focused on lower communication layers
and developed several protocolsin the past. In this paper, we want to abstract from the physical layer, the data link layer and
routing issues, and want to measure the quality of an ad-hoc network independently from network and hardwareissues. In order
to achieve this, we first introduce a formal network model and a set of metrics. Then, with the help of a simulation tool, we
measure the quality of ad-hoc networks in specific scenarios. We especially want to discover the prerequisites for sufficient
connectivity, stability and coverage. e call the number of nodes to form a reasonable network the critical mass. As a result of

our smulations, we get a considerable high critical massfor realistic usage scenarios.

Keywods: Ad-hoc Networks, Evaluation Metrics, Mo-
bile Computing, Wireless Communication.

1 Introduction

Mobile ad-hoc networks are self-organizing structures
in which mobile nodes are temporarily connected without
theaid of any fixed infrastructure or centralized administra-
tion. Mobile ad-hoc networks promise a high potential for
mobile and ubiquitous computing scenarios. Asthey do not
need any fixed infrastructure, they even work in environ-
ments where a pre-installed wired network is too cost-
intensive or even impossible. Typical areas for ad-hoc net-
works are public places such as airports, fieldwork areas,
disaster areas or military battlefields. In addition, ad-hoc
networks may serve as access networksfor commercia (e.g.
cellular phone) networks.

As mobile devices and wireless networks get increas-
ingly powerful, many researchers expect ad-hoc networks
to play animportant role for mobile usersin thefuture. Many
encouraging simulations affirm this view. Having a closer
look however, these simulations are often based on idealis-
tic assumptions. Often, a wide radio communication range
(e.g., 250m) and a homogeneous distribution of nodes are
assumed. In reality, we often have restricted communica-
tion ranges of 10 to 30m. As users usually walk on specific
ways (e.g. streets or sidewalks) and assemble at interesting
places, we have a strongly inhomogeneous distribution
among the observed area.

In this paper, we want to investigate the prerequisites to
form a reasonable ad-hoc network for a certain realistic
environment. For this, we abstract from specific routing
protocols, packet throughputs, network hardware etc. and
measure the quality of a network with the help of a set of
metrics. We applied our metrics to arealistic scenario: the
Minneapolis Skyways with its shopping levels and waysfor
pedestrians. Simulating this scenario leads to a discourag-
ing observation: we need more than 2000 nodes in an area
of about 500m x 500m to establish a reasonable network.
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Compared to approx. 50 nodes under idealistic assumptions,
thisis a very high number, thus the whole idea of ad-hoc
networks may be questionable.

2 Related Work

In this paper, we follow the IETF (Internet Engineering
Task Force) definition of mobile ad-hoc networks (in the
following called MANETSs- Mobile Ad-hoc NETworks) [10]:
MANETSs are wireless multi-hop networks which organize
themselves and whose topology may change rapidly. To
enable communication between nodeswhich are not directly
connected viathe wirel ess communication technology (e.g.
Wireless LAN |IEEE 802 or Bluetooth), networks use ad-
hoc routing protocols such as LMR (Land Mobile Radio)
[5], Link Reversal [6], DSR (Dynamic Source Routing) [13],
OL SR (Optimized Link State Routing Protocol) [11], DSDV
(Dynamic Destinati on-Sequenced Distance-Vector Routing)
[17], 0 TORA (Temporal ly-Ordered Routing Algorithm) [ 16]
to find routes to areceiver.

A number of approaches have been published in the last
years, which deal with quality analysis of MANETS. Gupta
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<Joerg.Roth@Fernuni-hagen.de>

Novatica ©



Computing Omnipresence

and Kumar [8] assume n randomly located nodes, each ca-
pableto transmit with Wbit/s over awireless channel. Their
analysis show that the throughput obtained by each nodeis

@(\N/ n~|og(n)) bit/s, i.e., the throughput dramatically

decreases with higher number of nodes. Jinyang et al. [12]
examinethethroughput of WLAN 802.11 networks (WLAN
standsfor Wireless L ocal AreaNetwork). They find out that
the capacity of long chain of nodesinside an ad-hoc network
is 1/4 of the channel capacity obtainable from the radio
connection. Glossglauser and Tse [7] show that inside an
ad-hoc network the per-session throughput can increase
when nodes are maobilerather than fixed. However, they made
several idealistic assumptions und use loose delay
constraints. Santi et al. [18] investigated, which wireless
communication range ensuresastrongly connected network.
They assume an n-dimensional region with ahomogeneous
distribution of nodes. Their analysisfocuses on astrong con-
nected network, i.e. each node is connected to each other.
Thisisavery difficult requirement, usually not achievedin
real ad-hoc network.

In contrast to the approaches above, we do not have the
assumption of homogeneously distributed users among the
observed area. As we do not have a simple model to de-
scribe the movement of mobile nodes (e.g. the random
waypoint model), a closed analytical or probabilistic ap-
proach is very difficult to achieve. In this paper, we thus
specify the metrics and restrict the analysis on simulations.

Compared to other approaches, we introduce a number
of new metricsthat measurethe quality of aMANET; espe-
cially the combination of reachability, vulnerability and
coverage is new and reflects the end-user’s demand of a
stable network with a high degree of connectivity.

3 Measuring Manet’s Properties

In the following, we introduce a network model which
does not deal with physical aspects. We assume that two
nodes, which arein communication range, arelinked together
with a maximum throughput without any errors. Beyond a
certain distance, the communication breaks down im-
mediately, i.e. the communication quality does not smoothly
decrease when the distance between two nodes gets larger.

We observe a specific MANET in atime interval [t,,t]
inanareaA. Let N={N,,..,N,} denotethe set of al network
nodes, which have been active at least once in the area A.
Every node Ni e N has a position, denoted by p, (t) .

Let O (t) € N denote the set of network nodes, which
are active (i.e. online) at a certain time t € [t,t.]. Active
nodes can send, receive and route packets. We introduce O
for two reasons: first, nodes may participateinthe MANET,
but are temporarily switched off. Second, nodes may only
pass through the MANET, i.e. only participate for a short
time and then disappear. N does not change over time, thus
we use O to model the behaviour of such nodes. For every
node N € O (t), weintroduce the setsc (t) and r, (t):

* C (t) denotes the set of directly connected nodes. Only
active nodes can be connected, i.e. ¢ (t) < O (t). We only con-
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sider bi-directional connections, thus N; € ¢; (f) = N; = ¢;(1) .

r, () denotes the set of nodes reachable by multiple
hops. N, € r, (t) if either N, = N or N, ¢ (t) or N, and N, can
communicate with the help of directly connected intermedi-
ate nodes.

This model implies an important simplification of rea
MANETs: after a topologic change, both ¢ (t) and r, (t)
immediately contain the correct setsof communicating nodes.
In reality, changes have to be propagated via the network
with afinite speed and inactive or unreachable nodes could
be falsely viewed as reachable.

Based on this network model, we introduce a number of
metrics. Our metrics should not be confused with metrics
used to find optimal routes from sender to receiver in rout-
ing protocols (e.g. hop counts). Our metrics measure par-
ticular characteristics of the entire network. We asked our-
selvesfollowing questions:

- When a new node enters the area of a MANET, how
high is the probability to be instantly connected?

- Once a node is connected to the MANET, how many
nodes can it access, or in turn, how many nodes can access
the new node?

- Once a node accessed another node, how stable is the
communication link?

If we knew the surface or volume covered by the
MANET, the first question could be answered, using p, and
the communication range. Examining the setsr, leadsto an
answer to the second question. The third question is more
difficult to answer: moving specific nodes may disable an
ongoing communication where other nodes are less impor-
tant to existing communication links. We measure this ef-
fect by introducing so-called important nodes | ater.

3.1 Segmentation

Thefirst metriciscalled the Segmentation, whichisused
as a basis for further metrics. The Segmentation S denotes
the number of segmentsinthe MANET. Nodesinside aseg-
ment can only communicate to nodes inside the same seg-
ment. Equation (1) shows how Sisrelatedtor .

=3 ()

i"l-'l

L
N=0

To get a measurement, which is independent from the
current number of nodes, weintroduce the Normalized Seg-
mentation SN:

5-1
5 = M—_l”fpp‘l

o, otherwise

(2)

SN has values between 0 and 1 where SN = 0 means no
segmentation and SN = 1 means maximum segmentation (all
nodes are separated).
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3.2 Coverage

To measurethe surface or volumeaMANET covers, we
first introduce the Coverage Area (CA). The Coverage Area
isthe areainside A where an inactive node can become active
without increasing the number of segments. Note that acti-
vating anodeinside the Coverage Areadoes not necessarily
mean to be connected to all nodesinthe MANET. Wedefine
the Coverage C to get a value, which is independent from
the size of the area A:

_ vol(CA)
vol(A) 3)
Here, vol denotes the size of avolume or surface.

3.3 Reachability

We now define how reachable nodes are inside a net-
work. Let R(N) for N, € O (called Reachability of N) denote
the ratio of active nodes which N, can access:

i = if|0]>1
RN =101 @
0, otherwise

Weuse |2j-1 asdenominator, since we do not count the
node N itself as reachable. To measure the reachability of
all nodes, we define the Average Reachability (AR):

> R(N)
_ N;eO

0]

AR is only defined, if O # {}, i.e. we have at |east one

active node in the MANET.

AR (5)

3.4 Importance and Vulnerability

Inside a MANET, some nodes are more important for
communication than others. Some nodes in the 'centre' of a
MANET may disable an ongoing communication when they
aremoved or switched off, asthey may separate nodesfrom
each other. On the other hand, some ‘ peripheral’ nodes can
be turned off without affecting the rest of the network. We
want to formalize thisissue.

Let I(N,) denote the Importance of N, € O. The Impor-
tance returns, how many new segments are caused by a
turning off N.:

I(Ni)z{S‘(Ni)—S,if S'(N;)>S

0, otherwise ®)

S(N.) denotes the number of segments, if we remove N
from O. To measure the entire network, we define the Vul-
nerability V, which returnshow the network reactson average
to deactivating nodes:

DN

N;eO
92

0, otherwise

V= if|0]>2

)

We can easily proof that the maximum value of the nu-
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merator is, thus the value of V isin the interval [0,1]. Our
list of metricsis now complete.

4 Evaluations

The metrics provide a tool to measure the quality of a
specific MANET, i.e. anetwork where nodes reside at spe-
cific positions at a specific time. We now want to abstract
from a specific MANET and want to examine general
prerequisites for 'good’ MANETS, which offer a sufficient
connectivity for end-users and applications.

In principle, we could use physical nodesin rea envi-
ronments for this. The Ad-hoc Protocol Evaluation (APE)
test-bed [14], e.g., follows this approach. To evaluate
MANETswith APE, userswith mobile nodes have to move
in real environments. Initial experiments were carried out
with only 37 nodes.

Sincereal experimentsare very cost-intensive and time-
consuming, we use asimulator in our approach to evaluatea
reasonable number of nodes (e.g. some hundreds). A huge
number of network simulators (e.g. NS-2[20]) exist. Broch
et al. extend NS-2 to address mobility issues[2]. Adhocsim
[1] isespecialy designed to simulate ad-hoc networks. These
tools, however, focuson MAC (Medium Access Control) or
network level. They can smulate packet delaysor errors, which
is too fine-grained for our intended goas. To measure our
metrics, we developed anew simulation tool.

The tool easily allows a user to specific the number of
nodes, the communication ranges and the observed area.
Running a simulation, the nodes move randomly across the
area. Thetool presents current and average metric values.

Inprinciple, thetool isableto simulate three-dimensional
networks. Nevertheless, even in buildings, where a three-
dimensional network could beformed in principle, ceilings
are often impenetrable; thus, MANETSs fall apart to
independent, two-dimensional MANETSs. The following
simulations are thus only two-dimensional.

Often, smaller locations such asaircrafts, busses or apart-
ments are considered as locations for MANETS. In these
scenarioshowever, itismore sensibletoinstall alow number
of access points connected via a fix network, rather than
using aMANET. Thus, the following simulations examine
larger areas. We carried out two types of simulations. the
first type simulates moving nodes in an unstructured plain
area. In the second, more realistic example, we simulate a
shopping centre.

4.1 SimpleAreas

Inthefirst scenario, we put anumber of mobile nodesin
a square area. The nodes choose a random direction and
speed and move straight forward until they reach the bor-
der. They then choose a new direction and move again. All
nodes are active all the observed time.

Although this scenario is very artificial, it isafirst step
towards a more realistic example in alater section. We use
thissimple scenario to derivefirst results. It especially leads
to a definition of the critical mass — the number of nodes
that form areasonable MANET.
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Figure 1: Evaluation of MANETSs in Simple Areas.

We chose 100m as the transmission range. The range of
Wireless LAN |EEE 802b, e.g., is between 30m and 300m,
wherethelatter only occursunder ideal conditions[9]. Low
power WirelessLAN adaptersfor handhelds often only reach
90m even in open environments [22].

We carried out the simulations for a number of areas:
250m x 250m, e.g. ayard of asmall company; 500m x 500m,
€.g. a university campus; 750m x 750m, e.g. a pedestrian
zone; 1000m x 1000m, e.g. a city centre. We simulated the
MANETSs for different number of nodes. Figure 1 presents
the results. Not surprisingly, C and AR are monotonic in-
creasing and converge to 100% for increasing. SN is
monotonic decreasing and converges to 0% with nearly the
same speed as C.

V starts at 0%, reaches a maximum of approx. 30% and
then converges to 0% for higher number of nodes. V has
values of about 0% for low number of nodes, since we have
a high segmentation, thus there is no multi-hop routing in
the network. Values above 30% arerarein real networks, as
only very specific constellations cause nodes with high
importances .

After the metricsreach aspecific value, we can increase
the number of nodes without a significant change. Basing
on this observation, we define what we mean by a ‘good’
MANET:

m vauesof C and AR have to be greater than 90%,

m valuesof SN and V have to be lower than 10%.

We now definethe Critical Mass (CM) of aspecific sce-
nario: CM isthe minimum number of nodes, which are nec-
essary to reach values of C and AR greater than 90% and SN
and V lower than 10%.
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Notethat at this point, we assume that each nodeis con-
tinuously active. In reality, nodes often are switched off,
which significantly increases the critical mass. We discuss
thisissuein alater section.

4.2 The Minneapolis Skyways

The simple area scenario gives a rough impression of
the capabilities of MANETSs. Thus, we conducted a more
realistic simulation: the shopping centrein the downtown of
Minneapolis (USA). Thefirst floor of thetowersinthe centre
of Minneapolis are connected via the so-called Skyways.
Skyways and shopping levels form a network of ways for
pedestrians. This scenario has several advantages:

m We have an exact map of all skyways (Figure 2a) and
can easily put this map into the simulator (Figure 2b).

m Usersand the corresponding ad-hoc nodesfollow sim-
ple paths, thusit is easy to simulate arealistic behaviour of
users going from one shop to another.

From al skyways, which have a total length of some
kilometres, we chose a segment of nine towers. These nine
towers cover an area of 440m x 408m. From thisarea, only
the ways which are open for the public are used to compute
C. Other areas, e.g., offices, hotels and museums, are not
taken into account. In addition, we restrict the area to the
first floor of each tower.

All nodes areindoors, thus we assume acommunication
range of 30m (which isthe communication range of Wireless
LAN IEEE 802b inside buildings). In our first simulation,
we further assume that all nodes are continuously active.
Figure 3a shows the results. In this scenario CM = 510.
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4.3 The Role of Online Time

Until now, al nodesin our simulations are continuously
active. Inreality, power consumption isalimiting factor of
mobile nodes, thus the operating system or the user often
switches a mobile node off to safe valuable battery power.
This problem becomes even worse if battery is drained by
wireless network connections used to transfer foreign pack-
ets.

Batteries of current PDAs (Personal Digital Assistants)
have capacities of 2Wh (PamOS device) to 10Wh (Win-
dows CE device). Wireless LAN adapters consume about
2W when transmitting packets. In addition, theWirelessLAN
hardware, CPU and memory consume power to perform the
ad-hoc routing protocol. SomeWirelessLAN adaptershave
separate batteries to save power of the PDA’s battery,
however they typically have power for 2 hours network
activity [22].

Notebooks have battery capacities of about 50Wh, but
have to supply much more power-consuming parts. Typi-
cally, notebooks can be active for 2-3 hours. Assuming an
onlinetime of two hoursin an observation time of 10 hours,
we have a five times greater value of CM. In our skyway
example, we have a CM value of 2550.

During the last few decades, mobile battery technology
has made only moderate improvements in terms of higher
capacity and smaller size [3]. There exist approaches ad-
dressing the battery problem especially in MANETS (e.g.
[21]). However, if the battery technology does not signifi-
cantly improve in the future, it will be ahigh barrier to in-
troduce MANETSs into awider community.

4.4 The Role of The Communication Range

To examine the influence of the communication range,
we carried out anumber of simulationswith different ranges
in the skyways scenario and measure CM. Figure 3b shows
theresults.

We start the simulation with arange of 10m, whichisthe
range of Bluetooth transmitters[19]. One observationisthat

a) The original skyways map [15]

b) The simulated skyways

the communication range has a very high influence on the
critical mass. Using, e.g., Bluetoothinstead of WirelessLAN,
we have afour times greater value of CM.

Asanimportant output, the communication range plays
an important role for ad-hoc networks. Assuming unrealis-
tic communication ranges, we can easily form areasonable
MANET. However, as we can see in our simulation, the
critical mass dramatically increases when the communica-
tion range goes bel ow a certain value. One could argue that
the communication rangefor radio transmitterswill increase
inthefuture. However, having alarger communication range
more nodes use the same radio resources (e.g. frequencies),
thus the number of unwanted collisions increases. Asare-
sult, the communication range cannot go beyond a certain
value, depending on the potential number of communicat-
ing nodes.

5 Conclusion and Future Work

In thispaper, weintroduced anumber of metricsto meas-
urethe quality of MANETS. These metrics can be used asa
tool to answer questions such as"How many nodes are nec-
essary in a specific area to obtain a reasonable MANET?"
or "What communication range is required if we have a
specific number of nodes?". These metrics, together with
the simulation tool, could help people who plan to form a
MANET to investigate the effects of relevant parameters.

We carried out anumber of simulationsin different sce-
narios. One observation is that a relative high number of
nodesisrequired to get auseful connectivity among the users.
This number is even higher if we take into account that
mobile nodes may not be active al the time or that we have
smaller communication ranges (e.g. with Bluetooth).As a
general result, the whole idea of ad-hoc networks may be
guestionable for many scenarios. Thework has currently an
analytical character. We can find out,if a specific network
scenario leads to an acceptable MANET or not. Thisis a
starting point to explore alternatives and variations of
MANETSs.

Figure 2: The Minneapolis Skyways.
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Figure 3: Results of The Skyway Simulation.
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Device and Context | nfluence on Wireess I nfotainment Access:
A Real World Sory

Tacha Serif and George Ghinea

User considerations are paramount when it comes to take up of technologies, and even more so in the case of mobile
devices, in which the success of a particular device often depends on its novelty appeal. However, relatively littlework has
been undertaken exploring how day-to-day tasks are affected when mediated by such access devices. This paper reports
the results of an empirical study placed in a ‘real-world’ setting, in which participants undertook typical infotainment -
combined information and entertainment access tasks on three different wireless-enabled mobile devices. These were a
laptop, a Personal Digital Assistant and a Head Mounted Display device. Our results show that, with the exception of
participants' level of self-consciousness when using such devices in public environments, the user wireless infotainment
access experience is generally unaffected by device type. Location was shown, though, to be a significant factor when
users engage in tasks such as listening to online music or navigation.

Keywor ds; Experimentation, MultimediaAccess, Ubig-
uitous Computing.

1 Introduction

Portability, convenience and affordability are all factors
behind theincreasein take-up of wirelessdevices. Improve-
ments in technology, especially in respect of computational
processing capabilities, together with the homologation of
the IEEE 802.11 family of wireless networking standards
have pushed the barriers of anywhere/ anytime multimedia
communications.

While the allure of ubiquitous multimedia access still
has novelty appeal, it isunlikely that appeal per sewill stil |
be enough in the future to sway customers to adopt such
technologies if the expected infotainment (i.e. combined
information and entertainment) returnisnot going to justify
theinitial outlay. However, whilst research in the area has
focused on themes such as usability, multimodal interaction
and haptics[1][4], thefield of context aware computing has
primarily concentrated on application-centred issues[5], and
adaptation based onlocation and device[6][8]. Nonethel ess,
comparatively little work has been done examining the user
context dependent infotal nment access experiencewhen this
ismediated by different devices—whichisthe preciseissue
we address in this paper.

Accordingly, the structure of this paper is as follows:
Section 2 presents an overview of mobile information ac-
cess devices and reviews work done with respect to user
experiences of mobile computing. Such work provides the
foundation for our project, whose experimental method is
described in detail in Section 3. Whilst Section 4 presents
the results and implications of our study, Section 5 draws
conclusions.

2 Mobile Information Access Devices and The
User Experience

2.1 Laptops

It is only relatively recently, with the advent of 2.5-3G

14 UPGRADE vaol. vi, No. 5, October 2005

and WiFi technology that laptops have been able to harness
the full potential of the Web wirelessly. Thus, a study on
evaluation of clinical response to wireless technology by
Seckman, Romano and Marden [9] focuses on measuring
perceived usefulness, easy of use and impact of wireless
technologies. Their results show that the nurses were the
most frequent users of the wireless laptops, with 86.9 per-
cent, and staff feedback show that the new technology is
easy to usewith nointerference with medical devices. From
another viewpoint, Rodriguez et a [10] compared PDA (Per-
sonal Digital Assistant) and |aptop based versions of anurs-
ing documentation application. In the study, both of the
deviceswerewirelessly connected to the hospital mainframe
system to enable collecting and entering patient’s data at the
point of care. 18 staff nurses participated in this study,
selected from local teaching hospitals. They had no prior
PDA experience, and their computer literacy ranged between
0.1 and 20 years. The results of the experiment show that it
took nurses less time to look for vital signs me asurement
and acknowl edge a pending medical order onaPDA. How-
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ever it took them less time to read text and enter the vital
signs measurements on alaptop.

On the other hand, from an applied computing aspect,
Chu and Ganz [11] examined portable teletrauma system
that assists health-care centresin pre -hospital trauma care.
In this study, simultaneous transmission of patient’s video,
medical images and electrocardiogram signals, which is
required though the pre -hospital procedure, is demonstrated
by coupling a laptop computer with a commercially avail-
able 3G wireless cellular data service. The evaluation of the
system revealed that the tool has the potential in reducing
patient mortality when it is used by emergency services
personnel to provide immediate care to the patient. How-
ever, the quality of the images and video transferred is re-
duced significantly due to the jitter and the delays caused
by 3G wireless network (CDMA, Code Division Multiple
Access) limitations.

2.2 Personal Digital Assistant

Personal Digital Assistants (PDAS) probably exhibit one
of the most popular and easily recognisable showcases of
portable computing, manifesting a 28% market growth in
Western Europe in the second quarter of 2004 [12]. None-
theless, they doinherit issuestypical of mobile devices, such
as small screen size, slow input facilities, low bandwidth,
small storage capacity, limited battery lifetimeand relatively
slow CPU speed [1][2][13].

The apparent contradiction between theincreasing popu-
larity of PDAsand the above enumeration of problems have
made PDAs a popular area of research. For instance, the
Power Browser [1] was created to provide easy navigation
in complex web sites using small screen mobile devices.
Here, aproof-of-concept application implemented on aPalm
operating system PDA usesan HTTP (HyperText Transmis-
sion Protocol) proxy that receives the requests from the
mobile user and, based on the request fetches of the user,
dynamically generates a summary view to be transmitted
back to the client. Top Gun Wingman [13] is another
transcoder targeted for the Palm operating system PDAS.
Although similar to the Power Browser, this application not
only provides ease of navigation but instead also converts
the pages, images, and files (Zip / PAdmDoc) to a browser-
specific suitable format.

2.3 Head Mounted Devices

Head mounted displays (HMDs) are a sub-set of wearable
computer technology, which aim to allow hands free accessto
computer functionality. They consist of two canonical displays,
and usually comprise either two liquid crystal display (LCD)
or cathode-ray tube (CRT) screensthat are either mountedona
helmet or on aglasses frame structure.

It should also be noted that ergonomic and usability fac-
tors vary considerably between different types of HMD
devices, with issues such as display size, weight and
adjustability of physical and visual settingsall affecting the
usability of a particular head-mounted display for any spe-
cifictask [14]. Additionally, the large and encumbering size
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of CRT -based HMDsisalso an identified obstacle towards
their adoption [15], asisthe current high cost of HM Dsthat
display both high resolution and awide field of view.

However, despite the computational costs and usability
drawbacks of the head-mounted displays, they are widely
used in current research, ranging from virtual environments
to wearable Internet applications. Thus, the Smart Spaces
[16] project promises to implement anywhere / anytime
automatic customisable, dynamically adaptable collabora-
tion tools with the use of augmented reality and ubiquitous
information access devices. The main driving force of this
research is information access anytime / anywhere, whilst
the user is engaged in other tasks.

Whilst such application-oriented research is attractive,
the emphasis of our study, though, ison the user experience
of mobile multimedia access. Accordingly, in the next sec-
tion we provide an overview of work in the area.

2.4 Context and The User Experience of Mobile
Multimedia Access

Context represents one of the main research themesin
ubi quitous computing, with issues being examined ranging
from an actual definition of thetermitself [17], to thetailor-
ing of context -dependent multimedia content [18], and the
development of appropriate middleware support [19], to
name but a few.

However, relatively little work has been doneto explore
how the user infotainment experience is affected by con-
text, with most studies concentrating on user eval uations of
tailored multimedia content and totally ignoring multime-
dia'sinfotainment nature —i.e. focusing either on informa-
tional or entertainment content and tasks, but not both. Thus,
Freireet a. [20] developed WebViews, an application which
performs transcoding of traditional web content so that it
could be accessed via mobile devices. Here, the user cre-
atesviews o f any web content that would like to access on
-the-move and savesthem into his’her profile. TheWebViews
server then reformatsthe profile contents and sendsthe data
to the requesting mobile device (PDA, WA P-enabled phone
or mobile phone, where WA P standsfor Wirel essApplication
Protocol) accordingly.

From a different perspective Mufioz et al. [21] studied
the use of context -aware handheld systemsin hospitals. The
implemented system attempts to manage the hospital
information flow using the Internet Messenger (IM) para-
digm and by getting the support of context. The contextual
elements used by the system are location, delivery timing,
role reliance and artefact location and state. Using this sys-
tem, with the support of IM -like approach on a handheld
device, thedoctors, nurses and support staff can shareinfor-
mation about the patients between their colleagues in the
same shift or other shifts. The evaluation of the system, by
28 hospital staff members, showed that 91 percent of the
participants would use the system. Additionally 84 percent
believed that using the system would enhance their job per-
formance and 78 percent perceived that the system would
be easy to use
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Althoughintheir work Gulliver et a. [22] have explored
how user perceptions of variable multimedia quality are
affected by accessdevices of different mobility, however, to
the best of our knowledge no work has been done exploring
how a user’s experience of mobile information access is
affected by the user context as well as the different access
devices that (s)he is utilizing. This forms the focus of our
current investigation, whose methodological approach we
now detail.

3 Experimental Method

3.1 Participants

Participantsin our experimental study were aged between
18-53 years old and were drawn from various professional
backgrounds (students , academics, psychologists,
nutritionists, bankers, blue-collar workers). A total of 36
people participated in the study.

3.2 Experimental Variables

Experimental variables in our study included: device
type, computer expertise, user location, and task group type.
Accordingly, our study incorporated three different types of
mobile access devices—alaptop, aPDA, and ahead mounted
device — all of which boasted varying information display
capabilities, asshall be described in Section 4.3 and varying
degrees of portability (these range from arelatively bulky
laptop, to a handheld PDA, to a wearable HMD The
experiment took placein two different settings—onewasan
‘on-the-street’ setting, in which participants accessed
information whilst physically being on a busy high street
bench; the other wasa' coffee shop’ setting in which partici-
pants accessed the Web from a café. Lastly, as part of the
experiments, users were asked to perform two groups of
tasks, each of which reflected one of the main reasons behind
users wishes to access multimedia content — accordingly,
onegroup of taskswas mainly informational in nature, whilst
the other was entertainment-rel ated.

3.3 Experimental Material

Three different types of deviceswere used in our experi-
ments. The firs t device was a Hewlett Packard laptop
equipped with a 54Mbps Netgear PCMCIA wireless net-

work card. The laptop ran the Microsoft Windows X P oper-
ating system, and was equipped with 128MB RAM, a 15-
inch screen transflective Thin Film Translator (TFT) screen
and a 910 MHz Mobile AMD Athlon XP 2000+ processor
(Figure 1a). In our experiments, the laptop represented
mature technol ogy.

The second device was an HP iPAQ 5450 PDA with a
16-bit touch-sensitive TFT LCD that supports 65,536 col-
our. The display pixel pitch of the PDA device employed is
0.24 mm and its viewableimage sizeis 2.26 inch wide and
3.02 inch tall. The device incorporates WiFi 802.11b con-
nectivity as standard and runs the Microsoft Windows for
Pocket PC 2003 operating system on an Intel 400Mhz
XSCALE processor.

The third and last device employed in our study was an
OlympusEye-Trek FM D 200 head-mounted display. Thisused
two LCD displays, each one of which contains 180.000 pixels
with a viewing angle of 30.0° horizontal and 27.0° vertical
(Figure 1b). Although the HMD by itself is not wireless ena-
bled, it wasinterfaced viaaLifeview Fly Jacket with the PDA
employed in our study, and thus connectivity was ensured.

3.4 Experimental Set-up

Our study involved real participantsengaged inreal-life
tasks in realistic scenarios. These tasks involved users
searching for their nearest shopping centre on the Web, and
then locating sports stores in the centre, also via the Web.
Once thiswas done, participants had to physically go to the
identified sports stores (there were two) and had to obtain
price information on a specific good (a sports shoe, in our
case), Once this was done, participants had to find the cor-
responding price for the good over the Web and e-mail the
cheapest price found to afriend viae-mail.

The second task was mainly entertainment-related. This
comprised users listening to amainstream online radio sta-
tion, noting down the details of the track currently being
played and then searching for the album cover of the re-
spective track on the Web. Once this was done, users were
asked to download the cover on their device for future ref-
erence in amusic store.

These two tasks were undertaken in two different real
world environments. The first involved users accessing the

Figure 1: a) On-the-street Scenario Using A Laptop); b) Coffee-shop Scenario Using An HMD.
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Information

Q1: Itis easy to logon to the Internet.
Q2: It easy to navigate through
search results on the device.

Q3: Itis easy to find sports shops in
the malls near to you.

Q4: It is easy to read maps on my
device.

Q5: It easy to find online prices of the
product and make a comparison. Q6:
It is easy to send e-mails.

Q7: | am comfortable using the device

Entertainment

Q1. It is easy to navigate through the
Virgin Radio website.

Q2: It is easy to listen to online radio.
Q3: It is easy to identify the track that is
playing.

Q4: It is easy to interact with the device.

Q5:lt is easy to do searches on the Web.

Q6: It is easy to access information and
save it on my device.

Q7: | am comfortable using the device in
a public place

in a public place

Table 1: Infotainment Questionnaire.

required information needed to fulfil their tasks on a busy
high street bench, whilst the second involved users under-
taking the same set of tasksin acomparatively secluded café.
Both locations were covered by WiFi blankets.

The 36 participants involved in our study were evenly
assigned to one of the two environments and, moreover,
participants were also evenly distributed asfar asthe use of
the three experimental devices is concerned, with 12 par-
ticipants being allocated for the laptop, PDA and HMD,
respectively.

3.5 Experimental Process

Before undertaking the experiment, all participantswere
verbally explained that the experiment consisted of two main
groups of tasks, which they should accomplish at their own
pace. Once this was done, they were given the respective
experimental devices they were to use towards the accom-
plishment of the tasks. Although users did not need to log
on to any of the devices, they were given the user name and
password needed to log on to the wireless internet service
provider employed in the study.

For each of the tasks involved, participants were asked
toindicatetheir opinionson a5-point Likert scale (strongly
agree, agree, neutral, disagree, strongly disagree) to aseries
of seven statements concerning thetasks (Tablel). Oncethis
was accomplished, users could indicatein writing any further
comments that they had about their experience. Lastly,
participants were thanked for their time and effort.

E Laptop
1 FDA
] O HVD

Mean Opinion Score

Q1 Q02 Q3 4 Q5 Qs Q7

Information-related Tasks

Figure 2: Device Type Impact on Participant Mean Opinion
Scores for Information-related Tasks.

© Novatica

4 Results

4.1 Device Impact

A oneway Analysisof Variance (ANOVA), with type of
device as independent variable revealed that, with the ex-
ception of four tasks, across the two scenarios of our study,
the particular devicetype does not have asignificant impact
on the user infotainment access experience. This observa
tion holds true, even though, as Figures 2 and 3 show
participant mean opinions scores for the HMD were (with
only one exception) consistently lower than that of the other
two devices considered in our investigation. The one excep-
tion to this trend is users' ability to identify the currently
playing track on the visited onlineradio station—in the case
of the HMD thiswas facilitated by three factors: thefirstis
that the online radio site had a mobile version tailored for
PDA browsers (the HM D accessed theweb through the PDA,
as previously mentioned); moreover, in this version the
details of the current track being played were placed on top
of the page, in an instantly viewable location.

The particular type of device employed was shown to
have a significant impact on the user infotainment access
device in the case of reading maps from the screens of the
device (F=9.420, p<.01), and users' comfort factor with re-
spect to using amobile information access device in a pub-
lic place (F=6.492, p<.01). We believe that reasons for the
first finding is that most maps that people found online had
virtually unreadable labels — this problem was exacerbated
inthe case of the small screen PDA, whilst in the case of the

o 5

5

[ &) 4_

g @ Laptop
2 34 m DA
S 2. 0 HVD
g 4]

=

Qr 2 Q3 o b Q6 a7

Entertainment-related tasks

Figure 3: Device Type Impact on Participant Mean Opinion
Scores for Entertainment-Related Tasks.
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Figure 4: Impact of Location on Information-related Tasks.

HMD, which did provide full immersion, this was done so
at the expense of resolution. As far as the second observa-
tion goes, the participants who wore HMDs should feel
particularly self-consciousin public places, aswould those
accessing information viarelatively bulky laptops— people
were most comfortable with using the PDA as an informa-
tion access device in a public context, which might be one
of the main drivers behind their popularity. In the case of
entertainment-rel ated tasks, type of devicewasfound to have
asignificant effect on users’ navigation on the online radio
website (F= 4.295, p<.05) and, again, on their comfort fac-
tor associated with using awireless access device in public
(F=7.869, p<.01). Whilst we have already elaborated upon
what we believe are the reasons behind the latter, we be-
lieve that the reason for the forme r observation liesin the
fact that many users found it difficult to navigate through a
website using the point-and-tap functionality of the stylus
whilst wearing the HMD.

4.2 Location |mpact

Anindependent samplest-test revesl ed that information-
related tasks were not affected by the particular location of
the user (Figure 4). However, as far as the group of
entertainment-related tasks is concerned, navigation
(F=14.331, p<.01) and ease of listening to online radio
(F=11.824, p<.01) wasfound to be significantly affected by
user location (Figure 5).

These results highlight that when a user is engaged in
accessing content for informational purposes, (s)heis pre-
pared to disregard possibly detrimental environmental fac-

5
45

b
o
o 4
@ 35 O Information-related
2 '3 tasks
= 25 B Entertainment-
a 2
= 24 related tasks
2 15
2 1
1 -

Q1 Gz Q3 Q4 Q5 Q6 Q7

Tasks

Figure 6: Information vs. Entertainment — The Impact on User
Mean Opinion Scores.
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Figure 5: Impact of Location on Entertainment-related Tasks.

tors such as noise and lighting levels. However, when ac-
cessing entertainment related material, levels of lighting
(brighter and sunnier in the ‘ on-the-street’ scenario) affect the
glare of the device being used, and, as such, negatively impact
upon the user experience. Intherelative seclusion of acaféthe
experience is percelved to be more enjoyable than when at-
tempted in abusy and noisy outdoors environment.

4.3 Infotainment I mpact

Most Web users access content comprised somewhere
on the infotainment spectrum — and in this empirical study
wewanted to investigate whether auser’s perception of ease
of information access varied significantly between situations
inwhich onewas engaged in primarily informational-rel ated
tasks and those where wireless Web access was done for
predominantly entertainment purposes.

Analysisof our resultsrevealed, however, that therewere
no significant differencesin users’ perceived ease of infor-
mation access between the two main categories of tasks
considered in the study (Figure 6). Although we are surprised
at thisfinding —for we were expecting user tolerance levels
to be higher in the informational-related tasks— we believe
it highlights the fact that users have equally stringent
expectationsfor both information- and entertainment-rel ated
tasks. Whilst in the former case, emphasis might be put on
the quality of information retrieved, in the latter the focus
might be on the quality of the playback media— whilst the
emphasis might be different in the two scenarios, expecta-
tions are certainly not.

5 Conclusions

This paper has explored the user wireless infotainment
access user experience, when thisis mediated by three dif-
ferent access devicesin two real world settings. Whilst we
recogni ze that participant sample size could beimprovedin
our study, our results highlight that although maobile device
types seem to heighten user levels of self-consciousnessin
public places — particularly if the device in question is a
wearable one — generally the user experience is unaffected
by the type of wireless device responsible for it. Moreover,
whilst ambient noise and light do impact on users’ effortsto
wirelessly access entertainment content; such factors, how-
ever, are ignored when informational content is soug ht,
though.
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Our work has raised the prospect of interesting future
research, the main thrust of which will be covered by con-
text and location-based adaptation, and it isinthisdirection
that our future efforts shall be concentrated on.
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The Problems of Printing in Server-Based
Computing Environments

Luis Bengochea-Martinez

Server-Based Computing (SBC) allows to run native applications installed in remote servers and accessing them from thin
devices such asa personal computer, a PocketPC, a Smartphone or a PDA (Personal Digital Assistant). The TCP/IP (Transmis-
sion Control Protocol/Internet Protocol) connection with the server could be made through public switched telephone networks,
mobile data services like GPRS (General Packet Radio Service) or UMTS (Universal Mobile Telecommunications System),
Ethernet, wirelessnetworking, or VPN (Mrtual Private Networking). Thistechnology per mitsthe employees of acompany to run
the corporate applications from any location. Nevertheless, SBC environments have problems to print documents generated by
those applications, firstly due to the need to install, in the servers, many printer drivers, but also due to the high bandwidth
required by the printing data flow. In this article, an overview of the SBC technology is offered, showing the specific printing
problemsin these environments and proposing a sol ution based on the use of PDF (Portable Document Format) filesto replace
all print outputs produced by the applications executed in this way.

Keywords: Free Software for Ubiquitous Computing,
Server-Based Computing, Thin Client.

1 Introduction

Before the irruption of personal computers, all compu-
ter applications were run from physical terminals (VT220,
IBM 3270, etc.) connected to the enterprise mainframe or
central computer either locally, or from a remote location
through the use of amodem and a phoneline.

When the use of persona computerswas generalized and
applications started to be developed for them, - with
development costs much smaller than those that the appli-
cationsin the great systems or mainframes use to have -, the
client-server paradigm became popular. In these programs,
the applications are divided in severa layers, the first of
which, including the presentation and local data validation
levels, is executed in the personal computer — "Client" -,
while the other application layers execute in the central
computer — "Server" — where, at the same time, several
application layers could exist, speaking then about "client-
server-server", etc. One server program can simultaneously
serve several client programs, which, for years, allowed the
companies to distribute programs between their clients to
carry out different tasks (to see accounts' balances, to carry
out an order, etc.).

The main problems of this paradigm were:

1. Theneedto distributethe"client" piece of the appli-
cation the first time that it was going to be installed in the
remote computers, aswell as every time that modifications
and improvements were carried out.

2. The different operating systems on the client side’'s
computersrequire devel oping specific programsfor each of
them. Thisfact complicated the process of deployment and
maintenance.

3. The same customer could be required to install nu-
merous applications sent by the compani es he worked with,
sometimesto do identical tasks, but with different interfaces
and terminol ogy.
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4. Low levels of user expertise in the installation and
use of the"client" programs, together with the resol ution of
the incidences produced, forced companies to create and
maintain costly call centers for attention and support.

Internet and its associ ated technol ogies, based on the use
of Web serversto run applicationsthat are accessed through
universal browsers such as Internet Explorer or Netscape
Navigator, caused the decline of the client-server technol ogy,
since they came to give solution to some of the problems
previously described.

The"webization" of applications appears so astheideal
solution to implement an ubiquitous office, in which the
employees — and also the company’s customers - can use
corporative applications regardless their location — in his/
her office, at home, in an airport, - or the kind of terminal
they are using — a desktop computer, a tablet PC, a PDA
(Personal Digital Assistant), etc. Likewise, thearrival of Java
and all its associated technologies has permitted a fast
transformation of existing applications, thus favoring the
wide deployment of this new way of working.

Nevertheless, a large quantity of applications used in
enterprisesit still remainsthat, for different reasons, can not
be redesigned to take advantage of this new paradigm, for
example:

m Legacy applications, for which the lack of knowl-
edge or the necessary technology avoids redesigning them.
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m  Applicationsacquired from software vendors, whose
license agreements oblige to use them just as they are de-
signed.

m  Applicationsdevel oped by public organisms (ascom-
munity aids, settlements of taxes, etc.) of obligatory use by
the companies, which must be used asthey were conceived.

m  Applications that, due to their own nature, do not
accept adesign that would alow their execution on a Web
server.

Most of these corporate applications, except for legacy
applicationsor thosethat are executed in amainframe, have
graphical user interfaces and cannot therefore be accessed
from asimple text terminal emulator. Besides, we can find
other applications that are executed under different operat-
ing systems and in different environments. The solution to
this problem consists in executing the applications in its
natural environment and transporting to the user device, by
means of an appropriate communications protocol, each and
every screenshot produced by the application. At the same
time, the strokesin the keyboard and the mouse events pro-
duced by the user should be al so sent to the computer where
the application isbeing run. Thistechnology, which requires
multi-user capacities on the application servers, is caled
Server-Based Computing or SBC.

It isin fact a hybrid solution between the use of Web
applications and the traditional client-server applications,
which avoids installing and maintaining pieces of software
in the remote user’s computers and facilitates a rapid de-
ployment and an effective maintenance of the applications,
due to its centralized character [1].

2 Server-Based Computing

2.1 The Predecessors

The X-Windows system, developed in the MIT
(Massachusets I nstitute of Technology) in the eighties [2],
can be considered as the predecessor of SBC systems. Ini-
tially developed to be used in small workstations with ac-
cessto applicationsrunning on large Unix systems, X-Win-
dows became a de facto standard for remote access to oper-
ating systems such as OSF and Linux. At the beginning of
that decade, hardware terminal swere built for the mentioned
purpose and known as X-terminals, although they were re-
placed by emulation programs due to the subsequent popu-
larity of the use of desktop computers running Windows
systems. The problem of X-Windowswasthe need of utiliz-
ing acomplex protocol, with avery rich set of functiondlities,
that required high bandwidth, which madeit useful only when
the X-terminal and the applications server were both
connected to alocal network or to ahigh-speed WAN (Wide
AreaNetwork).

Besides, the X-terminal that executes a heavy X-server
needs heavy computing resources, what makes impossible
touseathinclient, likeaPDA, precisely one of the premises
for ubiquitous office. The security model of X-terminalsalso
suggests the existence of a number of problems, since the
traffic could be scanned and passwords could be extracted
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for malicious accessto critical enterprise resources. Thisis
the reason why some system administrators forbid its use
out of the militarized network area.

The following step to SBC was the VNC (Virtual Net-
work Computing) system [3], developed by the Oracle Re-
search Laboratory. It consisted in two software pieces: the
VNC Server, which should be installed in the server — that
could be a simple desktop computer running Windows or
Linux operating systems—, and the VNC Client, installed in
the client device and based on Java (this alows the exist-
ence of different versions for all kind of thin clients). The
underlying technology isasimple protocol that actsat frame
buffer level and therefore is susceptible of being used on
any operating system and with any transportation protocol,
like TCP/IP(or evenwith USB - Universal Seria Bus). VNC
hasthe additional advantage of being distributed under GNU
(Gnu’s Not Unix) license. It is mainly used to implement
solutionsfor ubiquitous office whereacompany’s employee
can access his/her desktop computer (placed in the corpo-
rate headquarters), from anywhere in the world where his/
her thin device can be connected to anetwork. It would be
ableto doit even from aInternet cafe or from a public con-
sole with Internet access like those installed in some air-
ports. Once ghetakes control of his/her computer, shewould
be ableto run any application asif s/he was seated in hig/her
workplace.

The arrival of Windows NT Server had a very signifi-
cant impact on commercial computation. Numerous appli-
cations, like database systems, e-mail servers, Web servers
and other, migrated from large systemssuch asUnix or VM S
to the new NT servers. A small company, Citrix, had the
ideaof taking advantage of NT's multi-user capacity to make
the server work not only in providing services to the net-
work applications, but also in opening several users' ses-
sions. In each of these sessions, a user with his’her compu-
ter works against the server, and his’her computer screen
visualizes the graphical output produced by the server that,
simultaneoudly, is receiving his’her keyboard and mouse
events. The system, called Winframe (aword derived from
thefact that this system wasaimed at convertingaNT server
in a Windows mainframe) also included an optimized pro-
tocol to transport screen, keyboard and mouse information
flows between the server and its clients. This protocol was
called ICA (Independent Computing Architecture).

There have been other different approachesto SBC, like
the launching of anew ultralight device by Sun, in Septem-
ber of 1999, called Sun Ray Enterprise Appliance, adevice
without a CPU (Central Processing Unit) and without a
memory. Itsonly mission consisted in sending the keyboard
and mouse events to the server and receiving the pixelsin
order to represent imageson the screen. Nevertheless, it lacks
an optimized communications protocol, what forces a
connection with the server to be made through an Ethernet
network. Thiskind of devices can beuseful in environments
where workstations are not PCs, but they cannot be
considered thin clients good enough as to be part of a
ubiquitous office.
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2.2 SBC Today

When Microsoft understood the potential of the SBC
solution — developed by Citrix for its operating system NT
Server -, it acquired a part of the Citrix technology used in
Winframe, to develop its own SBC solution, called Termi-
nal Server. Itincluded anew communications protocol called
RDP (Remote Desktop Protocal).

At present both solutions coexist, although in both cases
they are proprietary solutions, what meansthat licenses must
be acquired, involving a cost, to use them. Microsoft’s Ter-
minal Server provides multi-user capacity to a Windows
server that can be accessed from client computers running
any Windows operating systems, by using the RDP proto-
col. This allows the applications running on the server the
use of local devices, such as disks and printers, in the thin
client. In order to install and use Termina Server a CAL
(Client Access License) licenseisrequired for each thin cli-
ent using the SBC, except for those having Windows 2000
or anewer "professional” operating system installed.

On the other hand, Citrix’'s Metaframe requires having
Terminal Server previously installed (for Windows servers),
and provides several additional services:

m Different thin clients can be used (not only Windows-
based ones), what includes Java based devices.

®m |t canbeused on UNIX and Linux serversto provide
accessto applications devel oped in these operating systems.

m  Many devicesin the then client, like disks, printers,
serial or USB ports, or audio cards can be accessed from the
server.

m |t provides a centralized management of "farms"
composed of hundreds of application servers, with load
balancing.

m The ICA protocol, optimized for low bandwidth,
permitsto use any type of communications, from local net-
works to mobile GPRS (General Packet Radio Service) or

Terminal Server

UMTS (Universal Mobile Telecommunications System)
ones.

m  [tusesthe RSA (Rivest-Shamir-Adieman) encryption
to protect the information transmitted between server and
client, what could be amandatory requirement to run given
applications from locations out of the enterprise interna
network.

Other solutions exist, like Tarantella (before known as
Santa Cruz Operation), a proprietary solution mainly ori-
ented to provide accessto Unix and Linux servers, athough
also supports Windows servers using Terminal Server or
Metaframe.

3 The Mobility Challenge

Many enterprises believe that the mobility of their em-
ployees is a competitive advantage. There are studies, as
the one carried out by Volchkov in 2002 [1], showing that
currently more than 10% of the employees run corporate
applications from remote | ocations during more than a half
of their worktime. Therefore, achallengeto the dataprocess-
ing departments consists in providing good systems for
mobility, minimizing maintenance problems and guarantee-
ing the security.

At present, SBC technologies allow, in the client side,
minimizing hardware and software maintenance costs by
avoiding connections from computers with local applica-
tions, different antivirus protection, etc. On the server side,
installation and maintenance of applications are carried out
in a centralized form, these applications being accessed in
an identical form both by employees physically located in
the building and by those that are traveling [4].

Although Internet could be utilized to access the enter-
prise servers, aVPN (Virtual Private Networ) can be estab-
lished before using an application, and then utilize the same
mechanisms of logon and the same passwords as those used

Application Server
1

Local Desktop

Figure 1: ATerminal Server Can Act as An Intermediate Level between All The Corporate Applications
(Including Web-Based Ones) and Thin Client Devices.
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Figure 2: The First Part of A Print Process Consists in Submitting A File to The System Spool
with Instructions about how The Designed Printer Should Produce the Desired Printed Output.

in the desktop computer. SBC systemsthat encrypt commu-
nications provide additional confidentiality. Besides, by
centralizing al so the office applications, therisk for the com-
pany’s security associated to loss or theft of a laptop com-
puter is prevented.

The SBC technology appearsaswell asauniversal solu-
tion to mobility, since it permits the use of thin clients and
mobile communicationswith low bandwidth, and transforms
the terminal serversin the entry point for all the enterprise
applications, from Web applicationsto classical client-server
applications or even specific applications on Unix or main-
frame systems, as shown in Figure 1.

Of course, when very light deviceswith small size screens
and very limited capacity of process are used (e.g. PDAS),
the number and kind of corporate applications that can be
run decreases.

On one hand, the nature of the application could make
impossible its use in this type of devices, but, on the other,
the perception that users themselves have of these devices,
particularly if they are connected through alow speed net-
work with a high latency, persuade them from running ap-
plications not specifically designed for the device. In this
sense, studies have been carry out [5] to measure the rela
tion existings between the degree of satisfaction of mobile
users employing light devices and the typical metricsin a
communications network (as bandwidth and latency), with
the objective of identifying the limits associated to the use
of very light mobile devices.

4 The Problem of Printing in SBC Environments

Although almost all SBC commercia systems provide
the capacity of "mapping", from the server, the local print-
ers at the thin client - if those printers exist —, printing re-
mains one of theweak pointsfor the mobility solutions pro-
vided by SBC.

The problems arise, fundamentally, from the nature of the
printing processesimplemented in the different operating sys-
tems, most designed under the assumption that physical print-
ers are directly connected to the computer where the applica-
tion isbeing run or, in other cases, to aprint server connected
through ahigh bandwidth communication access.
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4.1 Basic Description of The Print Process

Although the description of the print process and the
proposed sol ution that follows correspond to Windows-based
operating systems [6], it is also applicable, with very light
changes, to other operating systems.

When an application needs to produce a printed output,
the first step is to call the Graphic Device Interface (GDI)
that isresponsible for creating avisible output. In order to
do this, it should call the specific driver associate to the
chosen printer. With the document information originated
in the application, the GDI interface exchanges data with
thedriver to processthe print work in the printer’slanguage
and, subsequently, the data to be printed are transferred to
the printer’s queue (see Figure 2).

Thetype of datagenerated by the print work can be RAW,
that isdirectly interpretable by the printer, or EMF (Enhanced
MetaFile), that permits alittle reduction in the file size and
improves the traffic between the system spool where the
printed output originates and the print server the printer is
really connected with (however, thisistrue only in the case
that both elements use Windows). In the case of printers
supporting the PostSscript language, PostScript files (PS)
could also be used.

Depending on whether it uses or not a print server, the
print spooler, whichisaset of DLLs(Dynamic Link Librar-
ies) and driversthat receive, process, plan and distribute the
print works, submits the work to the local printer provider
or to theremote printer provider (who will inturntransfer it
to the spool in the print server connected to the printer). In
the case of aprinter connected to the thin client and mapped
by the application server, the file is submitted to the client
spool whereit will be processed by thelocal operating system
asif itwasalocal printing.

Once the file has been placed in the spool of the server
computer the printer is connceted to, it is submitted to the
printer monitor (if the printer has bidirectional communica-
tion, alanguage monitor supervises the bidirectiona com-
munication between the sender and the printer), who trans-
fers it to the port (LPT, COM, TCPF/IP port, etc.), whose
monitor, at the same time, submits it to the target printer.
Finally, the printer receives the work, translates each page
into the appropriated format and 'physically’ printsit.
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4.2 Printing in SBC Environments

According to the discussion in the previous section, it
can be noticed that the two main problems related to print-
ing inthe design of asolution for an ubiquitous office based
on SBC are the following ones:

m  Application servers need that the driversof all print-
ersconnected to theclient devicesareinstalled. Eachtimea
new local printer is connected to an employee's laptop, it
will be necessary to install its driver in all SBC servers of
the company.

m  Since the RAW, EMF or PSfiles to be printed were
not designed to be transmitted through a communications
network, they use to have a disproportionate size that could
prevent receiving them in aclient computer in areasonable
time (see Table 1).

The first problem can be alleviated by implementing
centralized procurement polices, in such a way that only
printers that have been previously approved by the manag-
ers of the data processing department are acquired, printers
whose drivers should have been tested and installed before-
hand in every SBC server. Neverthel ess, the huge amount of
new models of printersthat appear every day at the market-
place, including new improvements and different features,
aswell asthe disparity of mobile devicesthat can be useto
connect them, makes this solution scarsely realistic.

In SBC proprietary solutions, universal controllers are
provided (usually PCL) that can be used for almost any class
of printer, but with the inconvenient of being too rigid an
approach.

For the second problem, the only possible solution is
forbidding the transmission of RAW print files, establishing
only one final format for all printed outputs — e.g., PDF
(Portable Document Format) - and transmit the print filesin
this format to be locally printed in the client device. This
solution also permits that employees with mobile devices
without printing capacity can keep their printed outputsin
disk for subsequent uses, send them to the printer in abusi-
ness office close to their location, submitting them via e-
mail to another employee or to any other person, etc.

5 A Free Software-based Solution
In order for any application running on a server to be
able to produce printed outputs in PDF format, it is neces-

sary to definealogical printer (not connect to any real printer)
that produces a PDF file every timeaprint job is submitted.
Although proprietary solutions exist, like Adobe's Acrobat
Distiller, the proposed solution is based on the use of two
freetools:

m RedMon (Redirect Monitor) that permitsto define ports
whose monitor, instead of sending the print file to a physi-
cal device, redirectsit to the standard input (stdin) of apro-
gram set by the user. It is distributed under a free public
license, and isavailable at <http://www.cs.wisc.edu/~ghost/
redmon/>.

m Ghostscript, a PostScript interpreter that permits to
generatean output in PDF format. It isavailable, under GNU
license, at <http://www.cs.wisc.edu/~ghost/>.

5.1 Defining A PDF Virtual Printer

Once the above mentioned products have been installed,
we can define a new virtual printer for each SBC server,
which will be the one to be used by the thin clients con-
nected to that system. To do this, the following steps should
be followed:

m Create anew port (RPTn:) of type "redirected port"
to connect the new printer.

m  Select, among all the postscript printers run by the
operating system, the model that better fitsour printing needs,
basing the decision on criteriasuch as whether it permits or
not the use of colors, resolution, and the like.

m Install asif wehad areal printer of that model, defin-
ing the default printer parameters (paper class, resolution,
color, etc.).

m  Open the printer properties and modify the configu-
ration of the RTPn: port where it is connected, using the
following parameters:

- Redirect the port to program: C:\gs\gs8.50\ bin\
gswin32c.exe (or a different folder where Ghostscript was
installed).

- Program arguments: -q -sDEVICE#pdfwrite -
dNOPAUSE -dBATCH -dSAFER -dCompatibility Level#
1.2 -sOutputFile="%1" - (where"-_"indicatesthat "stdin"
will be the data entry and "%1" that the output file name
will bethe onethat the user decide beforeawork is printed).

- Output: choose the option "Prompt for filename" for a
value to replace the default "%1".

.~ Filefoomat ~ Size

Original (MS Word)

4.052.480 bytes

RAW file in PCL with 600dpi

34.828.288 bytes

RAW file in PCL with 300dpi

15.265.792 bytes

PS file with 600 dpi

9.654.261 bytes

PS file with 300 dpi

9.631.344 bytes

PDF file

2.052.096 bytes

Table 1. Original Size of A Test File and The Sizes Of Print Files Generated According to

The Printer Type and Resolution Used.
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When aremote user opens a session in aserver where a
PDF printer of thiskind has been set, hewill be ableto use
it asanormal printer. S’/he will also be able to use the PDF
files produced thisway in the form that s’/he considersto be
more convenient according to thetype of devicethat isusing
and the bandwidth of the communi cations network to which
is connected.

6 Conclusions

The SBC technology permits a company to establish a
unique way of accessing all its corporate applications, in-
cluding personal productivity ones such as Microsoft Of-
fice. This can be done by using any thin devic for which a
SBC client exist, from anywhere, and using any communi-
cations network.

In the case of applicationsthat produce printed outputs,
PDF virtual printers can be defined to be used by the thin
clientsthat have no physical printer available, aswell asto
reduce the size of the print files that must be transmitted
from the server to the client. This gives also new possibili-
tiesfor using those documentsin PDF format, such as send-
ing them out via e-mail or keeping them stored in disk for
subsequent processing.

© Novatica
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Using FOAF to Support Community Building

Brian Kelly and Leigh Dodds

The Semantic Web seeks to build a global distributed database through the integration of data from independent commu-
nities without the requirement for prior agreement on the structure of this data. This basic concept can be applied to the
development of online communities. This paper outlines the potential for the FOAF (Friend Of A Friend) Semantic \eb
technology to ensure that resources can be defined in a way that promotes their ability for being shared with third-parties
with a minimum of integration effort. The paper outlines FOAF’s potential for community-building in conferences.

Keywords: Community Building, FOAF, Friend Of A
Friend, Semantic Web.

1 Introduction

There isincreasing potential for Web-based systems to
support collaboration in many areas including education,
business and social activities. As might be expected at this
early phase of development we are seeing many products
being developed. The wide range of different approaches
used to construct collaborative toolsis also evident, cover-
ing the well-established use of email, through to bulletin
boards, instant messaging, video-conferencing, virtual
conferencing, online voting, annotation, blogging, etc.

The dangers of application lock-in arewell-known. The
dangersapply in both commercia and open source software
environments: inthe commercia marketplace companiesgo
out-of-business or are taken-over resulting in products
becoming unavailable or unsupported; open source projects
have similar longevity issues, with projects becoming
moribund, unfashionable or superceded by other more
successful solutions.

The datacreated within collaborative systemsof all kinds
has apotential to be of long term interest; indeed in thelong
term it is the data and not the individual products that are
likely to be of real interest. We can envisage aneed to ensure
that not only message archives can be ported across
collaborative systems but also richer forms of data, such as
voting results, calendar entries, etc. Even in the short term
there are advantages to be gained from easing data migra-
tion between systems, avoiding the need for end-users espe-
cialy toreinvest effort in entering the same datainto multiple
systems. There is therefore a need to address the issues of
migration of data across collaborative systems.

2 About The Semantic Web

The main advantage of XML (eXtensible Markup Lan-
guage) isthat devel opers can rapidly devise new document
typesthat, because of their adherence to abasic syntax, can
be easily manipulated in a number of standard ways. Be-
yond basi ¢ parsing these manipul ations are described by the
larger "XML family" of specificationsthat define standard-
ized methods of transformation, inclusion, linking etc. With
the addition of standard programmatic interfaces for
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manipulating XML data, thisresultsin agreat improvement
in interoperability, allowing much easier processing and
movement of data between systems. The end result has been
that XML has been tremendously successful and has pen-
etrated into many different kinds of application.

However at aslightly higher level XML addslittleto the
ability of applicationsto interpret or combine the databeing
transferred: XML applications haveto be extended each time
anew document type must be processed. Building knowledge
of awide range of XML formats into an application can be
very time-consuming; only in the most trivial of cases can
simple transformations be applied. This results in a
continuing investment in application integration. One
solution to this problem is to define a standard document
typefor interchange. However consensus-building isalways
atime-consuming process and such a solution only works
for well-defined communities. For a looser community
discovering the common ground ripe for standardization is
much harder, typically resulting in extensions or variantsin
aformat which mitigates some of the sought-after benefits.

The Semantic Web effort isaimed at tackling these inte-
gration efforts head-on, by building aninfrastructure which
greatly facilitates the merging of disparate data sets, allow-
ing the creation of what might be regarded asagloba "web
of data". The key to thisinfrastructure is the Resource De-
scription Framework (RDF) [6]. While RDF is an XML
application, it emphasizesthe datamodel over syntax: while
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XML may be said to provide benefits by defining a com-
mon syntax, RDF derives its benefits from mandating a
common underling model for representing data.

The RDF model is graph-based, containing resources
(nodes) that are identified by a URI (typicaly a URL) and
statements about them (arcs). The reliance on URIs means
that RDF isintimately tied into theweb infrastructure, while
itsmathematical underpinningsgiveit arigorousdefinition.
Although itsbasic elements are quite straight-forward, RDF
can beadifficult concept to grasp and interested readers are
directed to the RDF FAQ [7] for more information.

3 FOAF

Due to perceptions about complexity many Semantic
Web applications are still being developed within the Web
research community [8] with a slow but growing penetra-
tion into other areas; growth has certainly been nothing like
as rapid as that of XML. One Semantic Web application
noteworthy because of its active grass-roots development
and user-centric focus is FOAF (Friend Of A Friend).

The core of FOAF issimple: provide aRDF vocabulary
for capturing metadata about people. One interesting piece
of metadata is a person’s relationships to others; it is from
this aspect that FOAF derives its name: "Friend-Of-a-
Friend".

FOAF then, captures data pertinent to social networking
applications and studies. Social networks are a current hot
topic, with many applications appearing that are intended to
allow peopleto minetheir social networks for business and
employment contacts, dating and friendship opportunities,
product and reading recommendations, etc.

Aswell asdirectly relating people, FOAF aso provides
avocabulary for describing a persons interests, their mem-
bership within groups of people and their project involve-
ment. Other terms in the vocabulary allow statements such
as"| madethis' (e.g. declaring the author of adocument) or
"I own this" (e.g. itemsin abook or music collection). Asa
whole this provides a very rich set of metadata elements,
enabling many different kinds of application. As an RDF
vocabulary FOAF can be easily integrated with other RDF
vocabularies allowing for example, the publishing or music
community to define the optimum way of describing abook,
album or other creative work, while still allowing this data
to be related to people (the owner or creator).

Onekey premise of FOAF, and of RDF generally, isthat
dataisinherently distributed across the Internet rather than
centralized in asingle database. Thereisno single source of
FOAF data: individuals maintain their own FOAF
descriptions, either directly or by using tools provided by
their community. Thisdataisthen harvested using indexing
applications that share many similarities to the web crawl-
ers employed by Internet search engines. FOAF provides a
facility for linking one FOAF document to another in the
sameway that HTML documents are linked across the Web;
thishasresulted in aweb of interlinked FOAF data sources.

3.1 FOAF Applications
To date FOAF application development has centered on
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FOAF authoring tools, e.g. the FOAF-a-Matic [1] aswell as
tools capable of viewing and browsing FOAF data, e.g.
FOAF Explorer [3] which generates Web pagesfrom FOAF
dataallowing a user to read a person’s self-description and
browse to related information such as project homepages,
lists of interests, or information about their friends and col-
laborators. One of the most interesting FOAF applications
is FOAFNaut [4] which provides a visualization of the so-
cial network described by the distributed FOAF data set.
This visualization is displayed in the browser using SVG
(Scalable Vector Graphics) creating an easily navigable
graphical view of the relationships between people. This
social network browser is made possible from the metadata
that people have included in their FOAF descriptions.

4 Using FOAF to Support Community Building

While FOAF has already generated interest from a
number of existing online communities, including the
Blogging community, the authors are interested in the abil-
ity for FOAF to foster community building. Specifically, the
authors are exploring the use of FOAF to support commu-
nity building amongst conference delegates by allowing
delegates to record their past and intended attendance at
conferences, along with their interests and other pertinent
data. Aswell as providing an application to help delegates
create the required metadata, the authors will produce sup-
porting tools for exploration of this data allowing, for ex-
ample, delegates with similar intereststo find one another.

Oneof theauthors (Kelly) organizesthe Institutional Web
M anagement Workshop, which has been held annually since
1997. The workshop provides aforum for members of Web
management teamswithin UK Universities, and attractsover
150 delegates, many of whom are regular participants. For
the forthcoming workshop it is intended to provide a tool
for the delegates that will allow them to record their
attendance at Institutional Web Management Workshop
events, aswell as other conferences; their interests; contact
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Similarly other application developers inter-
ested in using the additional conferencerelated
metadata generated by this study can easily
develop or extend applications to processit.

= 6 The Next Steps

W We hope that thework described in the pa-
per will provide avaluabletool. However itis
recognised that thework isin early stages. Fur-
ther work isneeded in devel oping FOAF view-
erswhich will exploit the conference data de-
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[4] [ |

o scribed in this paper; developing a range of

Figure 2: Example of AAFOAF viewer.

details; and other appropriateinformation, e.g. aphotograph,
job status, institutional affiliation, role at the event,
professional interests and links to people they know.

Delegates will be able to use the tool prior to the event
and workshop speakers and organizersin particular will be
encouraged to use the tool to ensure a useful data set is
available. The authoring tool is being adapted from the ex-
isting application [1] tailoring the interface to support this
specific use as shown in Figure 1.

Rather than manage the data centrally, delegates will
publish their own FOAF descriptions which can then be
harvested to build a number of potentially useful services.

In particular the authors will demonstrate how existing
FOAF visualization tools such as FOAFnaut and FOAF
Explorer can be used to explore this Semantic Web space.
Additionally a custom browsing interface will be created
allowing users to answer queries such as (a) show all del-
egates at the event; (b) show delegates from a particular
institution and; (c) show delegateswith aninterest ininfor-
mation architecture.

An example of a FOAF viewer isshown in Figure 2. It
should be noted that this diagram illustrates very basic use
of FOAF — aricher application would allow, for example,
the user to accessinformation by events attended and allow
events attended by an individual to be displayed.

Once del egates have seen the potential we hopethat this
will provide motivation to provide information on attend-
ance at other events. Once a proof-of-concept has been de-
veloped we can then justify the development of additional
toolsto complement the browsing interface.

5 What Does This Give Us?

It could be argued that this application outlined above
could beimplemented using conventional collaborativetools.
However thisfailsto acknowledge the main point of an RDF-
based approach — ensuring that the underlying data can be
integrated with current and future applications. For exam-
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addition FOAF creation tools, which can build
on the Java tool described in this paper and
engaging with user communitiesin encourag-
ing use of the tools and ideas described. We hope that this
approach described in this paper will help the delegates to
gain a glimpse of the potential of Semantic Web applica-
tions such as FOAF and encourage further experimentation.
We welcome feedback from the community and invite those
who wouldliketo beinvolved in further development work
to contact the authors.
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Towar ds Ubiquitous Computing with Quality
of Web Service Support

Yannis Makripoulias, Christos Makris, Yiannis Panagis Evangelos Sakkopoulos,
Poulia Adamopoulou Maria Pontikaki, and Athanasios Tsakalidis

Web Services (WS) haveintroduced an new era for distributed application devel opment. WSare based on ubiquitously adopted
internet standards, therefore supporting interoperability across different platforms. Further establishment of web servicesinthe
Information Technologies (IT) arena demands the capability to dynamically respond to different non functional requirements
such as performance, network communication or requirements of maintenance and execution cost. Recent work has been pre-
sented mainly towards the support of Quality of Service (QoS) parametersof the WSsel ection. Up to now, WSreguesting process
is supported by a industry standard catalogue, the UDDI (Universal Description, Discovery and Integration) [ 6], which does
not takeinto account QoSrequirements. In thiswork, we discuss WSdiscovery infrastructure that all ows ubiquitous consumption
of aWSwith consideration of quality factors. We build upon the design presented by [ 1] and present a more generalized solution
that comprises dynamic WS categories. The key target of thiswork isto combine typical procedures of WS discovery roadmap
with the benefit of QoScharacteristicswithout lossin compatibility. To verify and measure functionality, feasibility and effectiveness

of the solution presented evaluation in laboratory environment has been performed.
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1 Introduction
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puting leads a mainstream of changes in the way we live
with technology. The key characteristics of such changes
are elaborately described in the work of [21]. The success-
ful statement of Mark Weiser that “ most profound technol o-
gies are those that disappear and they weave themselves
into the fabric of everyday life until they are indistinguish-
ablefromit” [22] instantiates the directions that Web Serv-
ices (WS) need to follow in order to become successful and
ubiquitous. Technologies such as pencilsor faucetsare nowa-
daysjust simply features of the world we take for granted.
To progressively transform ubiquitous computing with web
services into an everyday trivial business process several
steps have to be fulfilled.

WS have transformed the area of distributed develop-
ment into a technology that can automate business intelli-
gence over the Web. WS are the latest member of a numer-
ous group of OO (Object Oriented) interoperability plat-
formsincorporating i deas from the Common Object Request
Broker (CORBA), Java 2 Platform Enterprise Edition
(J2EE), and .NET. They arefully based on XML (eXtensible
Markup Language) like standards and other popular WWW
(World Wide Web) technologies. While there are several
performanceissues of such remote objects, communication
and processing capabilities allow most IT (Information
Technologies) vendorsto offer WSinterfacesto their services
and products. Even small wireless sensors' manufacturers
are standardizing around WS interfaces.

However, afundamental step that needsto betaken first
isto provide aframework for the support of Quality of Serv-
ice (QoS) of WS. This is the only way that will provide
ranking and quality distinguishing among serviceswith same
functionality. The key concept in the proposed design and
implementation isto maintain all compatibility featureswith
the standard WS searching mechanisms and expand them to
support QoS characteristics. Searching and selection of a

WSisenhanced with the use of customer feedback and evalu-
ation. Asaresult, aWS consumer can pick among services
the onethat suits him/her most and further refine hisoptions
using quality criteria too, such as price, network distance
and execution time etc.

Our work is organized as follows. In Section 2 related
work and motivation are outlined. Section 3 presents the
system functionality. Following, Section 4 discusses experi-
mental development and evaluation. Finally, Section 5 dis-
cusses conclusions and future steps.

2 Nature of Motivation

Enabling techniquesfor efficient WSdiscovery have been
discussed thoroughly in [19]. Following, we point to some
works focussing on WS discovery mechanisms that enable
QoS characteristics during selection. Aninitial definition of
Quality of Web Service (QoWS) hasbeen presented in[15].
Ouzzani and Bouguettaya [20] were among the first to
address the issues of fulfilling certain QoS constraints in
WS searching.

Inthiswork we present an architecture that extendsideas
initially presented in [1]. The work of Yutu Liu et al [1]
presents a methodol ogy to compute QoS values for WS se-
lection. Contrary to a broker based registry, we present a
solution that enables QoS measurement and computation for
any WS registered in a UDDI (Universal Description,
Discovery and Integration) catalogue. Multiple UDDI reg-
isters can be queried transparently, analogously to the meta-
searching logic where an intermediary searches for results
to many different repositories and search enginesreturning
a combination of results. Additionally, for typical UDDI
catalogues that cannot extend to support QoS, a dedicated
storage system stores separately QoS information.

In[1] alist of the most appropriate Web Servicesisre-
turned for selection from apredefined list according to these
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Figure 1: Outline of Architecture Diagram.
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criteria. Thus, neither functionality search nor any keyword
lookup is conducted. Furthermore, the value of the QoS
remains static as long asthe predefined list doesn’t change.
Infact, QoS calculation is based on all the WS of thelistin
[1] with no prior control or checking for functionality of
other relevancy. In thiswork, beside the criteria of interest,
the WS consumer has facilities to perform a typical WS
UDDI based search for aspecific functionality. In return the
reguester gets an updated snapshot list of interesting WS,
with their QoSvalues. So, QoS characteristicsare produced
dynamically, depending on the search’s criteria. Finally our
approach is flexible to take into consideration only the
available metrics and it is not necessary to have values for
all parameters of each Web Service to perform the compu-
tation. Thisisachieved by providing the appropriate value,
to all those metrics which haven't already been defined,
according to the nature of each one. A minimum value is
given to ametric that is positive for the final value of QoS
and amaximum value to ametric that is negative.

3 Functional Specifications

3.1 Architectural Roadmap

In order to support QoS characteristicstransparently and
facilitate legacy WS discovery mechanisms, weintroduced
a WS selection wrapper (UDDI discovery). We combined
typical WS discovery procedure that happens at design or
execution time with the added-val ue of QoS characteristics.
The proposed solution isdesigned asaservice-library itself
that facilitates the alternative way to discover business
components - Web Services. Theoverview isoutlined in the

Figure 1 below. Following comes a short description that
serves as aroadmap for the reader.

The main module is WebServicesQoS subsystem. It in-
cludes the necessary functionality to provide the requester
an interface so as to define descriptive key words and pro-
ceed indiscovering Web Services. In our system, apart from
the UUID of each Web Service, QoS information is also
returned as it is calculated by the enhanced version of [1]
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algorithm that we have introduced according to the results
of the discovery. The requester also has the option to deter-
mine, via a check list, the categories, as for example the
price and the reputation, in which one wants to focus on, so
that thefinal value of QoS for each WSisdefined appropri-
ately.

Search Web Services Plus QoS provides even more func-
tionality. It enables searching with more criteria, such asthe
BusinessKey and the TModel or further configuration for
look-upsin different UDDI servers.

QoS database subsystem acts as the storage system for
al the QoS metrics definition schema. For UDDI servers
that do not support QoS property storage, WS QOS values
are also stored in this sub-system.

To facilitate updates of QoS parameters the WS named
QoSPublish and QoSFeedback are avail able.Both consum-
ers and providers have the capability to deliver ad hoc up-
dated values of QoS metricsfor a specific Web Service that
they utilized or manage respectively.

3.2 System Core Functionality

The central module of our system has been implemented
asaWeb Serviceand it is called WebServicesQoS. It facili-
tates WS searching taking into consideration both functional
and non functional parameters. The application logic of the
mechanism is depicted in Figure 2. Consumers submit their
requirements and choices in order to query for WS in the
available UDDI catal ogues, based initialy only on functional
criteria. Augmented filtering is initiated upon completion of
thislast step in order to assess the QoS characteristics of each
web service returned. Finaly, WebServicesQoS returns the
resultsto the requester.

3.3 Search Web Services Plus QoS

It is another version of the core system that supports
communication and querying to multiple UDDI catalogues
aswell asall standardized criteriatypesto query for besides
the standard WS keyword description. A WSDL (Web
Services Description Language) description iscomposed to
include the requested WS description, preferences and any
of the extra criteria chosen. The consumer may also
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specifically select or deselect UDDI cataloguesfor the dis-
covery to maximize the results list or to minimize the re-
sponse time. The service delivers a WS ranking list sorted
according to the QoS valuesfor each matching web service.

3.4 QoS Sorage

To support scalability and future expansion of the QoS
values storage system, we adopted a schemato allow dy-
namic definition of the QoS parametersboth interms of type
and range values. The model introduced is able to accept
extensionswithout affecting pre-registered WSthat already
make use of QoS values stored in the system. A persistence-
like system keeps all different versions of metrics inserted
into the system along time.

The developed QoS storage comprises three main enti-
ties:

1. Themetrics entity containsthe metricsinformation.
Additionally it holds all corresponding metrics' properties.
When new metrics or properties areinserted, anew version/
instance of the metric is created to support full backwards
compatibility.

2. The groups entity contains a category list which is
used to group similar or related metrics according to the
ideas of [1]. The attributes lessvalue and morevalue allow
importance grading of groups.

3. Finally, the QoS values themselves are kept in
gosvalues entity.

4 Experimental Development and Evaluation

Due to previous devel opment experience of the labora-
tory personnel, the .NET platform [2] has been used for the
implementation of the system (the reader may review re-
lated work by some of the authors in [16][17][18][19]).
Generality is not lost though, as any WS enabled technol-
ogy, it can be utilized to produce the proposed system such
as J2EE or others. Applications as well as WS have been
built using the programming language C#. Testing and ex-
perimental evaluation were conducted at Intel Pentium PCs
with Microsoft Windows 2003 Server. To eval uate the func-
tionality, feasibility and effectiveness of the mechanism
proposed, a number of tester applications have been devel-
oped. In the following, details and snapshots of testing ap-
plications are provided for the discovery servicesaswell as
the user-based feedback about a consumed WS mechanism.

4.1 WebServicesQoS evaluation
We devel oped a consuming mechanism of the core sub-
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system for QoS enabled discovery. We have designed and
implemented atypical UDDI QoS search front-end support-
ing al functionality of the MS test UDDI platform (http://
test.uddi.microsoft.com). Our version is extended as a con-
sumers may may also pick quality criteria to define non
functional parameters (Figura 4).

The application utilizes the online UDDI catalogue for
testing purposes[4] and returns pre-registered UUID and as
well asthe QoS parameters for each matching Web Service
(Figure 5). The QoS value is calculated according to our
enhanced algorithm where non-defined QoS values are
overridden automatically.

4.2 Search Web Service Plus QoS Evaluation

The evauation of the extended version of the core dis-
covery system required the development of additional tester
applications. The RetrieveGroups method is called at first
and thelist of the groups appears on the screen (Figure 6-2).

In the example below, the key word “card validation” is
submitted as keyword description (Figure 6-1) for WS in
design or just before execution time, the QoS preferences
and also a business key as an extra parameter for a second
call of the FindQoSService, we get the following results
(Figure 6-3).

4.3 Testing Feedback M echanisms

To evaluate the feedback and val ue setting mechanisms
of QoSPublish and QoSFeedback, we built an interface
wheretheidsand the names of the metrics appear and where
auser may define the metrics' values of his choice.

All thetester applications have been availablefor evalu-
ation in laboratory. Software devel opers and volunteer stu-
dents have verified the proposed mechanisms functionality
across alist of different arbitrary queries for WS discovery
with QoS characteristics. The workflow of the evaluation
procedure appears in the next figure (Figure 7).

Overall, the evaluation has indicated that our approach
istechnically feasible, supports scalability and returns effi-
cient results.

LD Qrols
Servic
T one ar mpes nitial charackers of the servde o wand te fnd f you den't ks
thas mrack nams, uta % st & wil card charackar.n the chack bax list chack the critena
that v most inkerest
A% Tmrvice Hamm: Fr-f"'-*
cardeadidalion ym
F tmeex
W uzability
F reputnmsse

Wet Servica(s) found:

aaBE1Ta2 2104681 a0
FasdEETh0RED
1.0 PO -10b 54 Tec-hdal -
2 demif !

1496047 2448351

AHNFIITITEIOTE,

Figure 5: Presenting WS Discovery Results.
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Figure 6: Search Web Service Plus QoS Evaluation Example.

5 Discussion & Future Work

Theaim of thiswork isto support astep towards quality
of service provision for Web Servicesthat can be consumed
in a ubiquitous business environment. An integrated solu-
tion is presented that can support existing generic UDDI-
compatible catal ogues. We presented an architecturefor WS
discovery supporting dynamic number of QoS groups/ cat-
egories. Moreover, we have presented a dynamic schema
that supports different QoS metrics without affecting the
discovery methods themselves. We have received encour-
aging feedback from experimental evaluation concerning the
functionality, feasibility and effectiveness of the system.

Towards ubiquitous computing, Web Services need alot
of enhancements such as ubiquitousidentity and contextual
awareness. Missing functionality that are needed before
making Web Services an integrated part of ubiquitous
computing also includeslife cycle services, dynamic object
creation and garbage collection, state management,
dynamically created object references, and avariety of reli-

ability and transactional mechanisms [21]. Finally, work
under development includes the semantic extension of our
mechanism to support discovery for semantically annotated
Web Services.
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The Open Source Software vs. Proprietary Software Debate
and ItsImpact on Technological Innovation

Ricardo-José Rejas-Muslera, Juan-José Cuadrado-Gallego, Javier Dolado-Cosin, and Daniel Rodriguez- Garcia

Given the importance of the OSS (Open Source Software) vs. proprietary software debate - in economic and financial
terms, and in terms of market opening and diversification, and even innovation - in this paper we examine the latest
cor porate movements and the most significant legislative trendsin this area. At a Spanish national level, we make a brief
review of domestic law, with special reference to the national anti-piracy plan, while at a worldwide level we take a look
at the latest and most significant corporate movements and regulatory trends regarding this issue.

Keywords: Copyright Protection, Intelectual Property,
Legal Protection of Computer Programmes, Open Source
Software, OSS, Patents, Proprietary Software, Ubiquitous
Software, Ubiquitous Computing,

1 Introduction

Technological innovation —in the field of information
technology in general and in the field of software specifi-
cally —is emerging as a key factor in the development and
general well-being of advanced industrial societies. The
competitiveness of economic agentsisin direct proportion
to their capacity for innovation, and the wealth and level of
development of nations is the result of the innovative ca-
pacity of each country.

Onefactor which will have adecisiveimpact onthestruc-
ture and evol ution of technological innovation policiesand,
more specifically, on software industry, isthefinal outcome
of the OSS (Open Source Software) vs. proprietary software
dilemma. This will depend on the dynamics of the market
itself and, to a great extent, on the policies and regulations
established by the national and supranational bodiesworking
inthisfield.

The outcome of this debate will have a decisive impact
on such important issues as business competitiveness, the
opening and diversification of markets, and technological
development in general.

All thisis especialy relevant to the area of ubiquitous
computation, because the quest for innovation and the strug-
glefor dominant positionsinthisfieldisparticularly fierce,
since ubiquitous computing has the potential to affect mil-
lions of consumers and virtually every market.

2 Legal Protection of Software in Spain and Na-

tional Anti-Piracy Plan

The legal protection of software under the Spanish sys-
tem isbased on intellectual property rights- or copyright to

! Available at <http://www.oepm.es/internet/legisla/dcho_eur/
22cpe.htm>.

2 Available at <http://www.wipo.int/treaties/es/ip/berne/pdf/
trtdocs_wo001.pdf>.
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be more precise - the main features of which are outlined
below:

1. Theexclusion of softwarefrom patentability —i.e. from
the protection afforded by industrial property rights. This
has also been incorporated into the legislation of other
European Community countries such as Germany, France,
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United Kingdom, and Italy, in accordance with the Munich
Convention of 1973 on patents'.

2. For legislative purposes softwareistreated in the same
way as literary, scientific, or artistic works which are pro-
tected by copyright under the 1883 Berne Convention for
the Protection of Literary and Artistic Works?.

3. Thereference legal framework in thisfield isthe Eu-
ropean Union Directive on the legal protection of software
[1] and the Spanish Intellectual Property Law [2]

4. The holder of theserightsisanatural person who has
created and "fixed in any tangible means of expression" a
literary, artistic, or scientific work which is transferable to
another natural or legal person. Rights over software are
acquired at the moment of its creation.

5. With regard to copyright life, there are two situations
depending on who the holder is. If the holder is a natural
person, the exploitation rights of the work are deemed to
belong to the author while he or sheis till alive and a fur-
ther seventy years after the author hasdied or been declared
dead. Inthe case of alegal personthe period isseventy years
from January 1 of the year following the first lawful
publication of the software, or the date of its creation if it
has not been published. At the end of these periods the soft-
ware passes into public domain, when it can be used by
anyone providing that the authorship and integrity of the
work are respected.

6. Theserights are dua in nature;

a. Exploitation rights: Considering the property as an
economic asset. In other words the right to make an eco-
nomic gain from the software, and maintain an exclusive
control over the exploitation of thework: reproduction, dis-
tribution, transfer, or public disclosure.

b. Moral rights. Of astrictly personal nature. Based on
the authorship of the work, they are inalienable and
unrenounceable. Among others, theright to publish thework
under one's name, modify it, disseminateit, or withdraw it.

2.2 National Anti-Piracy Plan

Here we take alook at what is officially known as the
Integrated Plan for the Reduction and Elimination of Intel-
lectual Property Rights Infringements of April 8, 2005. The
plan has a dual aim: to raise public awareness of such in-
fringements and to bring offenders to justice, and is based
on a series of urgent measures and a number of mid- and
long-term strategies.

1. The plan aims not only to punish those who infringe
intellectual property rights but also to raise consumer aware-
ness of the harm that piracy does.

2. Among urgent measuresto combat copyright infringe-
ment are;

a. The signature of a collaboration agreement between
the Ministry of Culture and sectoral associations at alocal
authority level, intended to raise public awareness, estab-
lish guideline criteria for the measures to be undertaken,
map the incidence of piracy in Spain, and implement train-
ing actions and advisory services in the matter at a local
level.
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b. Increased policing: creation of a special police task
force, greater coordination between police forces, drawing
up of permanent area action plansfor the policing of piracy,
and increased international and institutional cooperation.

¢. Training and coordination measures and actions for
the Department of Public Prosecutions.

d. The Ministry of Culture and the Ministry of Industry,
Tourism and Trade will set up a working group involving
intellectual property management offices and the technol-
ogy industry in order to set up and develop self-regulatory
mechanisms aimed at detecting and removing any unauthor-
ized content in digital networks, and determining theidentity
of the infringers. The working group will also monitor the
effectiveness of the plan’s actions and measures.

3. The plan includes a series of measures intended to
reduce or eliminate copyright infringement:

a. Measures of cooperation and collaboration between
various government bodies, and between government bod-
ies and the private sector. A commission is to be set up for
that purpose.

b. Preventive measures aimed mainly at describing the
problem of piracy in its various facets.

c. Public awareness campaigns in order to make the
public aware of the serious harm caused by the infringe-
ment of intellectual property rights.

d. Regulatory measures, based primarily on an analysis
of sector specific regulations.

e. Training measures with a dual purpose: to increase
the effectiveness of agents engaged in the fight against pi-
racy, and to promote research and development in thisarea.

3 International Corporate Trends and Move-

ments

3.1 European Union Policy on OSS and Patents

Aswe mentioned earlier, the outcome of the debate be-
tween OSS and proprietary software will depend to alarge
extent on the policies and regulations that are in place at a
national and asupranational level. Wetherefore need to take
a look at where the European Union (EU) stands on this
issue, as this may be enough to tip the balance one way or
another.

Up until now it seems that there has been a slight bias
towardsthe use of OSS, especially in | CT-related (Informa-
tion and Communications Technologies) research projects
and policies implementing framework programmes
promoting libre and open source software, such as the
eEurope 2000 action plan, the IDA programme (promoting
Governmental Data Exchange), R& TD framework pro-
grammes, and other actions implemented by EU member
states, usually associated with the acquisition of or migra-
tion to libre software by their respective government bod-
ies.

However, a bitter debate has been raging within Euro-
pean ingtitutions as to whether or not software should be
patentable. This is evidenced by the fierce confrontation
between the European Commission and the European Par-
liament over the famous "Directive on the patentability of
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computer implemented inventions', which was finally re-
solved in July of thisyear with the almost unanimous rejec-
tion of the proposal by the European Parliament. According
to official European Commission sources, they have no
intention of submitting anew proposal either now or in the
near future.

Thiscontroversy isfuelled by two clearly differentiated
viewpoints:

1. Supporting the EC Directive are major corporations
such as Microsoft or Nokia, Ericsson or Alcatel who main-
tain that this Directive will encourage innovation by pro-
tecting the rights of inventors and helping them to obtain a
return on their R& D investment.

2.Against the Directive arethelibre software user groups
for whom the patentability of software would render more
than half of the computer programs currently in use in the
EU illegal. The Directive would only benefit the major soft-
ware companies, to the detriment of small and medium size
companies and software consumers, since it would allow
the major software multinationalsto legally prohibit the use
of certain algorithms and computing formulas which have
hitherto only been subject to copyright fees.

Themanner inwhichthisissueisresolved will to alarge
extent shape the future structure of the software market. If
governmental and legislative institutions opt to encourage
the use of OSS, they will give a huge boost to competition
in this sector and will drive a change from a highly polar-
ized oligopolistic market to a more competitive and open
market which will benefit both the consumer and the gen-
eral public. The downsideisthat it will be harder for com-
panies to obtain a return on their innovation and devel op-
ment investment. If the decision goes the other way, the
consequences will be the opposite of the above, since we
should not lose sight of the fact that when a patent isgranted
for aninvention or process, ultimately the Stateisawarding
that invention a monopoly.

3.2 Corporate Concentration in Pacific Asia and
M obile Device Compatibility: Libre Software- TRON

Theplethoraof corporate movementstaking place world-
wide underscores the practical importance of the outcome
of thisdebate. Asan exampleof thisinthefield of ubiquitous
computing, and more specifically in relation to mobile
terminal, we go onto look at the strategies adopted by major
companiesin the sector to capture the massive Asian market.

Thismarket isagood example of how anumber of overly
aggressive decisions taken by corporations and countries
have stirred up the market to such an extent that from the
dominant position in the mobile terminal software market
held by Microsoft, founded on patent protection, the pendu-
lum has swung to practically the opposite situation in which
Microsoft’s systemswill haveto be compatible with TRON
(The Real-time Operating-system Nucleus) libre software,
something akin to Windows XP having to be compatible
with Linux.

In broad terms, thisiswhat happened: Microsoft targeted
its marketing strategy at the Asian market and, more
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specifically, the Chinese market, leveraging its monopoly
position in operating systemsfor mobile devices. At the same
time, the region was being influenced two parallel
developments:

1. On the one hand, China was migrating en masse to
Linux as away of achieving technological independence
while saving money on the computerization of the nation’s
public administration.

2. On the other hand, the Japanese technological indus-
try was wilting under Microsoft’s monopoly.

In an attempt to revive his country’sailing technological
industry and at the same time take advantage of China's
initiative, Japanese prime minister, Junichiro Koizumi, drew
up a pact with the most important economic and govern-
mental agents of Pacific Asiawith the purpose of resurrect-
ing the TRON operating system. Under the terms of this
agreement, mobile device manufacturers would have to in-
stall software compatible with TRON if they wished to en-
ter the Asian market. Encouraged by the prospect of access-
ing ahuge market all set to usher in third generation mobile
telephony, Microsoft changed its strategy and duly madetheir
new systems TRON compatible in a joint project with
Motorolaand Symbian.

3.3. Software Rights, with Special Reference to
the Kodak vs. Sun Case.

Another interesting example of how patent based regu-
lation can affect the market isthe Kodak vs. Sun case. This
case had a direct bearing on the world of ubiquitous com-
puting since the lawsuit centred around the programming
language Java.

In February, 2002, Kodak sued Sun Microsystems for
infringing patents 5206951, 5421012 and 5226161, protect-
ing amechanism by which aprogram can request help from
aprocessing system to delegate functions without Javaim-
plementation. The main characteristic of the Javaisthatitis
amultiplatform language sinceitisinterpreted by abuilt-in
virtual machine.

In October of the sameyear ajury of the Rochester Fed-
eral District Court found in favour of Kodak who were claim-
ing damages of some 1,000 million dollars from Sun.
Payment of such damages would practically wipe Sun out,
asitsdelicate financial situation could not withstand a pay-
out of that magnitude.

The court’s ruling also meant that, in practical terms,
any language based on mechanisms similar to Java
bytecodes, such as Microsoft’s .NET or Python could be
liableto similar lawsuits.

Sun appeal ed against the ruling and reached a settlement
with Kodak whereby Sun would pay Kodak the sum of 92
million dollarsin patent royalties. This meant that Sun, one
of theworld' sleading companiesintechnological innovation
and especially in Java programming languages, was able to
stay in businessand K odak could not file any further lawsuits
for the same infringements.

The importance of this matter lies in what would have
happened if the court’s initial ruling had been enforced. It
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would have led to aserious brake oninnovationinthisarea,
since the patents in question affect not only all the drivers
behind multi-task systemsor frameworks such asOL E, COM
or CORBA, but al so the major manufacturers of Java-based
products (such as SourceForge, Kronos, BEA SystemsInc)
who have Sun Javalicences.

4 Conclusions

Theregulatory policiesthat eventually governthe lega
protection of software, and consequently the accessibility
and presence of OSS, will have adecisive impact on tech-
nological innovation and development in general and the
software development market in particular.

If the balance tips in favour of the promotion and de-
fence of competition by encouraging the dissemination of
libre software, this should lead to amore plural and accessi-
ble market, the elimination of monopolies over technolo-
gies, and greater diversification in the development of tech-
nological innovation, though possibly at the price of mak-
ing it difficult for companies to obtain worthwhile returns
ontheir R& D investment. If the opposite outcome prevails,
technologica development will be concentrated in the ma-
jor technological multinational s which would cometo form
adefacto oligopolistic market, with all the consequent so-
cial costs, barriersto new technologies, and economic inef-
ficiencies. However, it would be easier for companiesto get
areturn ontheir R& D investment, which would presumably
encourage them to increase that investment and so give a
boost to technol ogical development.

All the above is possibly of even greater importance to
the world of ubiquitous computing, since as its name im-
plies, any regulatory, political, or corporate movement may
affect millions of potential consumers across practically
every economic and social sector.

Trandlation by Steve Turpin
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L ocalization in Ubiquitous Computing Using
Acoustic Sensor Network

Carlos-Manuel De Marzani, Jests Urefia-Urefia, Alvaro Hernandez-Alonso, Manuel Mazo-Quintas, Ana Jiménez-
Martin, Juan-Jesiis Garcia-Dominguez, José&-Manuel Villadangos-Carrizo, and Fernando-Javier Alvarez-Franco

Systems that characterize the state of an entity or object are very important in “ smart spaces’” and “ ubiquitous comput-
ing” ; thisinformation is usually known as the entity’s“ context” . In order to offer an object the most suitable services one
of the most important pieces of information required isits position. The mechanisms and techniques that deter mine spatial
relations are named “ location” . This article presents an indoor localization systemin order to make a positioning among
entities, fixed or mobile, without using an external infrastructure and only using acoustic transducers. Also, an analysis of
the positioning algorithm, based on Multidimensional Scaling Technique (MDS), is carried out in order to verify errors
originating from the mechanisms for measuring distances to estimate an object’s position.

Keywords: Acoustic Sensor Network, Complementary
Set of Sequences, Localization, Simultaneous Times-of-

Flight Measurement, Ubiquitous Computing.

1 Introduction

Those applications, in ubiquitous computing and smart
spaces, which describe or characterize an object and inter-
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act with it, are commonly called "context-aware comput-
ing" [1]. One of the most important dimensions of the con-
text is location, and the applications that are based on this
context are known as "location-aware computing” [2]. This
isuseful in emergency services[3]; office applications, for
example to find the nearest printer resources, also called
"follow-me" services [4]; and for supervision of surround-
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ings, for example in hospitals to track medical staff or to
monitor patients.

Within this scope the researches concentrated on design-
ing location mechanisms, which wererobust, safe, and easy
to set up with very low cost and minimal infrastructure, by
taking advantage of the great advancesin hardware and the
new developments in Micro-ElectroMechanical Sensors
(MEMYS) that allow the functionality of sensors technolo-
gies to be extended. In addition improvements in wireless
communications, and new capacities of COTS (Commer-
cial-Off-The-Shelf) products such as PDA’s (Personal Dig-
ital Assistants) and notebooks, promote the devel opment of
new |ocation applications.

Threekinds of location information can be distinguished:
absolute, relative and symbolic[3]. Thefirst, absoluteloca
tion, reports the position of an entity given its coordinates
(x,y,2), from areference point whose position isknown. The
second, relative location, determines the position of an en-
tity among several objects, generally mobile, without any
interest in the surrounding location, only given ageometric
configuration that holdsthe spatial relations between them.
Therefore, all the entities in the system need the necessary
technology to compute their positions. Finally, symbolic
location consists of determining if there is an entity in a
specific zone without providing any other detail.

This work presents a positioning system for fixed or
mobile devices with no need to use an external infrastruc-
ture and only using acoustic emissions as sensing technol-
ogy. Thefollowing section givesabrief revision of the most
popular works about location in indoor spaces for their ap-
plication in ubiquitous computing. Section 3 presents the
proposed |ocation system, showing its mains characteristics
and methods used to solve the location problem. Finaly,
Section 4 showsthe simul ations and results about positioning
algorithm considering errors on the measurement of distances
according to the proposed ranging technology.

2 Location Systems Review

There is awide range of works developed by different
research groups with the aim of solving the location prob-
lem and its application in smart spaces and ubiquitous com-
puting. The simplest and well-known solution would be to
provide each object with aGlobal Positioning System (GPS).
Thissolvesthe outdoor localization; nevertheless, inthefield
of mobile computing, size, cost, and energy constraints
excludethese systems. Additionally, inindoor environments
GPS signals are not available for positioning, due to their
very weak signals. These factors led to the devel opment of
various indoor positioning systems using different sensing
techniques [3] such as: Active Badge®, Active Bat,
CRICKET, RADAR, €tc.

The Milibots project [5] is focused on the design of a
cooperativeteam of robots. In this case, the position of each
object isvery important; the rel ative position among robots
being determined through the "triangulation” technique,
using ultrasonic signals (US). This system has the advan-
tage of not using fixed beacons, which is an important re-
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quirement when unknown environments are explored, but it
needs some of signals working as a reference to the others.

In Wireless Local Positioning [6], alocation system for
General-Purpose Computers (GPC) such asPC’s, notebooks
or PDA’s is developed. The system takes advantage of the
acoustic transducers and radio frequency (RF) availablein
these devices, in order to range distances and make the nec-
essary communications. Since this system does not use ex-
ternal beacons, some of them work as a reference for the
others.

There has been a considerabl e development of absolute
location systems, consisting of an external infrastructure,
which operates as a reference of the object to be located,
and measures distances between the entity and theinfrastruc-
ture. After that, the computation of the position can be made
through a central system or in the object to be located.

Nevertheless, due to the requirements of mobility and
"peer to peer" interaction of entities with a computing ap-
plication, it is necessary to develop location systems that
canwork in non-prepared environments, with the minimum
possible infrastructure. As a result, a relative positioning
between devices is more suitable. The objects should have
the necessary technology to execute al the operations of the
location process. Thistrend allowsthe devel opment of non-
centralized applications, which do not depend on one object
for the positioning and are able to compute its location
relative to othersin alocal way.

Regardless to the type of data location that would be
provided, the most common location technique, because of
itslow computing requirements, consists of measuring dis-
tances among objects or to areference system. After that, a
non-linear equations system, using the spatial relations, is
solved by any method, such as. minimums square, SVD,
etc. The techniques for ranging distances in indoor spaces
are usually based on the determination of the propagation
time of an emitted signal. Three versions of thismethod are
known: the calculation of Times-of-Flight (TOF) in direct
way, by the method of double way (RTOF), or differences
of TOF (DTOF) of emitted signals by every object [7]. The
sensing technol ogi es often used to compute the TOF can be
acoustic transducers, RF or infrared (IR). The US signals
arealso used dueto their easy synchronization and also their
high precision; acoustic transducers of the audible band (20
Hz-20 kHz) are starting to be used because they are more
readily available in many mobile computing devices than
us.

3 Proposed Architecture of Location System

Figure 1 showsthe basic architecture of the system, where
every object carries a node with acoustic transducers as
sensor technology in order to make arelative positioning of
entities or objects, usually mobile. The more important
characteristics of this system are; 1) thereis no need to use
an external infrastructure; 2) thereislocal computing of the
relative position of every object with all the other objects;
3) all nodesare equal intheir architecture and functionality;
4) there is no physical connection among them; 5) only

Novatica ©



Computing Omnipresence

Mb, biw |
.

Figure 1: General Scheme of The Proposed System. (Every object of the system is denoted
asMb,, with p,qe {1,2,---,P}, P is the maximum number of objects and is the distance between

object p and object q.)

acoustics emissions are used, so RF or IR connections will
not be required for synchronization.

TheMultiDimensional Scaling technique (MDS) will be
used to determine the positions, with the system determin-
ing all the ranges prior to executing the positioning algo-
rithm. These spatial relationswill be determined by measur-
ing the propagation time of the emitted acoustic signals by
every object. Conventional acoustic emissions can be
masked, using a "watermark" technique, in order to be in-
significant to humans.

Acoustic signals in the audible band are used to take
advantage of their low cost, easy implementation and avail-
ability in mobile computer systems. Environmental aspects
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would affect their performance outdoors and be adrawback,
but in indoor spaces these are minimized. Additionally, a
non-centralized system is obtained because all nodes are
equal in their architecture and functionality, for this reason
every node can locally compute all the object positions.

3.1 Metric Multidimensional Scaling Technique

This technique, also known as classic MDS, provides a
geometric configuration of the objects, in the smallest pos-
sible number of dimensions, when the only thing knownisa
relation among them; in this case their distances. In [8] an
analysisof thistechniqgue wasmadeand it issummarizedin
Figure 2. First, at each node, it is necessary to know all

Brexe)  xe=(U-s'?)

COSCL FeR

x\.l.'l? -}.I.I'W

Figure 2: Steps of The MDS Positioning Algorithm. (Every step shows the operations with the aim of
obtaining, in every node, the estimated coordinates in a matrix X* of all the objects.)
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Figure 3: a) Emission of The request from The "Master" Starting The Location Process; b)
Acknowledgement from Every Node for Calculating The Distances.

distances before starting the computations of the position,
and they are described in amatrix of distances denoted as D
(step 1).

Once all distances are known the second step isto build
amatrix B*, called the dot-product, that considers the dis-
tances among objects from areference point, the most suit-
able being the centroid of the figure the objects form in a
two or three dimensions system (2D or 3D). The following
step is the decomposition in singular values (SVD) of B*
and considering the properties of the resulting matrixes of
eigenvectors and eigenvalues, U and S respectively, the
coordinates of the objects can be obtained by selecting the
first two or three columns of matrix X* according to the
dimensions of the system (Step 3).

In order to fit the obtained results to the reference sys-
tem of each node it is necessary to consider a process of
rotation and translation by means of transformation matrix
T, because the obtained results are referred to the centroid
of the figure formed by the objects. The matrix T is built
using the object where the calculations are made as the co-
ordinates origin, and selecting another onethat formsaline

with the previous one. The resulting matrix X", gives the
coordinates according to the system of the object.

3.2 Mechanism of Ranging Distances

One of the goals proposed in the previous section about
the architecture isthe measurement, in asimultaneous way,
of al the distances among objects. Thisiswith the purpose
of eliminating all types of additional synchronization con-
nections by RF or IR, reducing the hardware complexity.
Also, inindoor spaces, the RF signals can beinterfered with
by other systems such as 802.11 networks or, in the case of
IR, by spurious signals from fluorescent illumination.

Considering this synchronization constraint, the distances
are calculated with asimilar method to RTOF technique[7]
of emitted signals. In this case, taking advantage of the
codification properties used on the emissions, the method
will be simultaneousin all nodes (see Figure 3) and will be
called Simultaneous Round-Trip-Time-of-Flight (S-RTOF)
[10]. Because all nodes are equal in their architecture and
functionality, any of them can start the location process, by
means of multiple accesstechnique (CSMA), anditiscalled
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Figure 5: Map of real positions and estimated coordinates considering a 2D system and a Gaussian noise
with o = 3cm in the measures of the distances assuming a metric space and non metric space respectively.

"Master". So, at a given instant of time, the node in the
"Master" object emits its acoustic signal with a particular
encoding assigned to it (see Figure 3.a). At thismoment, the
measuring of TOF's starts.

This emission, called "Master Request”, is detected in
the every slave node at different times. In answer to this
reguest, each node emits its characteristic code denoted as
"Ack. Node" which propagates towards the "Master" node
and also to the other ones (see Figure 3.b). In this way, in
the"Master" node, thetimefrom when the"Master Request”
was emitted until the "Ack. Node" is detected, can be
computed and consequently the distances among the "Mas-
ter" and the slave objects. Also, taking advantage of the
emission of every node, it is possible to compute the dis-
tances among them by means of similar temporal relations.
After computing the temporal relations it is necessary to
communi cate among the nodesthe data collected from every
one.

3.3 Acoustic Signals Encoding and Hardware
Architecture

Every object emitsan acoustic signal codified by means
of complementary sets of eight sequences(8-CSS) [9], where
the sequence length is a power of the number of sequences

of the set, that is | =8V. These sets allow obtaining the

auto-correlation (AC) maximum values of 8-L-5[k] for non-
time shifted versions, where §K is a Kronecker function.
Also, in ideal conditions, null AC side-lobes for shifted
versions of them can be obtained. Additionally, eight mutu-
aly orthogonal (MO) sets can be easily obtained, which
allows up to eight simultaneous emissions o be made, with
no interference among them. In this way, the number of
objects to locate simultaneously is based on the number of
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MO codes that can be obtained, being M in the case of M-
CSS, with M = 2nand m 0 |-{0}. The use of the 8-CSS by

means of the algorithm proposed in [9] allows an efficient
implementation of their generator and correlador, giving a
great reduction in hardware complexity and in the computa-
tional load is obtained compared to the straightforward im-
plementation.

The basic hardware architecture of every node is de-
scribed in Figure 4. There is a block for transmission of
acoustic signals, and one for reception. In order for the re-
ceiver block to simultaneously detect the codes emitted by
the eight different sources it includes a set of efficient
correlators. Finally there is a processing unit, that coordi-
nates the communications and computes the algorithm.

4 Simulations and Results of The Positioning

Algorithm Used

It is worth comparing the results obtained by the MDS
algorithm when there are errors in the measurement of dis-
tances. Generally, two sources of errors are considered:
"measurement error” arises from the effects on the ranging
technique of Gaussian noise, effects of modulation, and non-
correct synchronization among nodes because they do not
use the same clock; "Non-Line-Of-Sight" (NLOS) error,
which strongly affects the estimation of the positions when
acoustic transducers are used, is caused by obstructions,
solid objects that block the line of sight of the emitted sig-
nals. This effect includes the situation where the emitted
signalsarrive at agiven receiver by non-direct ways dueto
reflections off walls or ceilings. This error is always posi-
tive and can be up to severa orders of magnitude greater
than "measurement error" [11].

In this case, the effect introduced by the "measurement
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error" will be analyzed. Considering eight objects distrib-
uted in aroom in a space up to three meters square (see
Figureb); with Mb, being the reference of the system with
coordinates (*=%Y=9) and that Mb, forms aline with Mb, (x =
0,y =y,). The measurements of TOF are carried out consid-
ering a"measurement error” with a Gaussian distribution of
o=100us Which impliesthat errorsin the distances are less
than.

Becausedll thedistancesamong the different objects must
be known before computing locally the M DS agorithm; two
simulationswere made. Inthefirst one, it isconsidered that
thematrix of distances D isaffected assuming ametric space,
that is d. = d. ; and another one where the space is non-
metric, i.e.d, * d;,so al the distances have different errors
in their measurement. Figure 5 shows the results that were
obtai ned after executing the positioning algorithm described
in the previous section with the two conditions.

Table 1 showsthe standard deviation and the average of
the error in the estimation of the coordinatesfor each one of
the objects that compose the system according to the
conditions already described, after executing one hundred
times the estimation of coordinates.

From Table 1, it is observed that the standard deviation
inthe estimated coordinatesislarger than the deviation con-
sidered in the "measurement error”. In addition, it isin-
creased in the case where a non metric space is considered,
due to the incongruence introduced for the random error.

5 Conclusions

An architecture of alocation system using nodes with
acoustic transducersfor the relative positioning among dif-
ferent objects is presented. This system is attractive for its
usein ubiquitous computing applications where mobile units
have available acoustic transducers. The encoding used al-
lows detection of up to eight different codesand consequently
it is possible to locate eight objects in a simultaneous way.
The positioning algorithm requires knowledge of all the
space relations among obj ects before computing the process,
S0 acommunication protocol using acoustic emissionsshould
be devel oped.

Inaddition, it isnecessary toimplement ahigh level stage

inorder to transform the estimated positionsto the reference
system of every object or node where the calculation is to
be performed. It is also necessary to apply refinement
algorithmsin order to eliminate incongruence in the matrix
of distances, originating from the incorrect determination
of times-of-flight in the location system mainly due to
obstructions caused by objectsthat block the line of sight of
the emitted signals.
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Portable System For Patient M onitoring
With Wireless Technologies

José&-Manuel Rodriguez-Ascariz, Luciano Boquete-Vazquez, | gnacio Bravo-Mufioz, and Pedro Martin-Sanchez

This paper presents a system for monitoring certain physiological variables of a patient outside the hospital environment.
The system comprises the following elements: Patient Terminal, a portable electronic system for obtaining the
electrocardiographic signal (2 leads), analysing it at a basic level and sending it a short distance on a Bluetooth network;
Analysis Module, a system with an analysis and communication capacity (Bluetooth and GPRS - General Packet Radio
Service), which automatically analyses the information received and sends it on to the Control Centre and, lastly, the
Control Centre, the central supervision unit for a given number of patients.

Keywords: Bluetooth, ECG, GPRS, Microcontroller,
Telemedicine.

1 Introduction

Ongoing technological advances have enabled various
telemedicine systemsto be set up; these can be broken down
either by thetype of physiological variable or variablesthey
transmit: electrocardiogram (ECG) [1][2][3], medical im-
ages [4], blood pressure [1], blood sugar levels [5][6][7],
etc, or by the transmission medium used: RF linkg[ 8], fixed
telephony [7][9], mobile telephony [1][10], satellite com-
munications [11][12], Internet [2][5], etc.

Itisgenerally agreed that telemedicine systems will be-
come increasingly important in the coming years, due to
further technological breakthroughs on variousfronts (com-
munications, signal analysis, more advanced sensors, inte-
gration of electronic systems, etc.) and the inherent advan-
tages of atelemedicine system, including the following:

1. The possibility of monitoring the patient more closely.

2. Savingsin healthcare costs and hospital beds.

3. Collaboration of various experts in the diagnosis of
special pathologies.

4. Thedatacollected could be useful for further analysis
and research into the pathologies.

5. Less nuisance and loss of time for the patients, who
are saved hospital trips.

The development of these patient monitoring systems
has been favoured by the parallel developmentsin hardware
systems (greater level of integration, reduced consumption
levels, etc) and above all by the advances made in various
communications systems, such as wireless technology,
mobile telephony, Bluetooth, zigbee, etc. The integrated
operation of all these elements could provide a useful and
practical system such as the one presented in this paper.

A telemedicine system has been designed for monitor-
ing a patient’s electrocardiogram with the aim of making a
preventive diagnosis of certain pathologies in which the
reaction timeiscrucial. It can also be connected up to vari-
oustypesof personal analysers (glucometers, coagulometers,
etc) for sending other information of interest in the
monitoring of certain patients. The whole system has a
modular structure that can be tailored to the needs of each
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particular case.

The system isdivided into three HW/SW modules, to be
explained in the following sections; their general features
are

- Low consumption levels: one of the modulesis port-
able and needs to have sufficient autonomy for all-day op-
eration. This portable module should a so belight and ergo-
nomic.

- Low cost: the equipment has to be affordable so that
the health administration can use it on the greatest possible
number of patients.

- Quick and reliable response: in pathol ogies of thistype
early treatment isacrucial factor in saving the patient’slife.
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It is important to develop systems for monitoring pa-
tients in their normal everyday environments (home,
workplace,...), doing so by setting up aBody Area Network
(BAN); the patient variables or data that we are interested
in obtaining can be broken down into two types, which in
turn determine the functionality of the system to be set up:

Patient body variablesto be obtainedinreal timeand
if possible continually; the most obvious example is the
monitoring of apatient’s ECG. We are speaking in this case
of awearable system.

Variables to be obtained at one-off moments (for
example, temperature, blood glucoselevels); in many cases
this information can be automatically transferred from a
personal analyser (thermometer, glucometer, etc.). In this
case it sufficesfor the patients themsel ves to make the suit-
able connection.

The Bluetooth protocol could be an advantageous op-
tion for setting up aBAN. The main advantage of this pro-
tocol isthat it isalready used by agreat number of commer-
cial devices, such as personal computers, PDASs (Personal
Digital Assistants), mobile telephones, etc, and can there-
fore be widely used without problems. Systems with the
Bluetooth protocol have mainly been designed for the wire-
lessconnection of I T (Information Technology) systems[13],
although with time they have al so extended to other types of
applications, such as home automation [14][15], vehicle
electronics [16] or security systems [17], among other
possibilities.

Within the medical area the Bluetooth protocol can be
used for making the connection between atelephone and a
patient’s cochlear implant [18] and in many cases for ob-
taining patient body data on a ubiquitous basis without re-
stricting their movements, such as transmission of the pa-
tient’s pul se, temperature and GSR (Gal vanic Sskin Reflex)
[19] or in[20] for obtaining and transmitting the blood oxy-
gen saturation, the heart and respiration rate and the patient’s
guantity of movement.

A balance needs to be struck between two opposed fac-
torswhen obtaining and analysing the electrocardiographic
signal: on the one hand, the desire to have a high number of
leads (in principle the more the better), and on the other, the
desire to reduce the level of complexity for the patient
(number of electrodes, cables, etc). It wastherefore decided
to use a 2-lead electrocardiogram to allow analysis of the
signal from two different axes. If the depolarisation vector
is perpendicular to the exploring electrode, no signal is ob-
tained; the use of a single lead could therefore result in a
failure to detect one or several waves of the P-QRS-T (Pal-
liative/Provoking, Quality, Radiation, Severity, Timing)
complex. The use of 2 leads will enable us to obtain each
one of these waves without making the system too cumber-
some for the patient.

Thefollowing signal parameterswill be analysed:

- detection of the P wave and QRS complex;

- measurement of the duration of the P wave and QRS
complex length of the heart cycle (interval between R waves).

The detection of the P wave before the QRS complex
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enables arhythm to be defined as auricular, usualy a sinus
rhythm and therefore normal. The duration of the QRS com-
plex enablesthe rhythm to be defined as normally conducted
by the cardiac conduction system; sudden changes in this
value may indicate the following: extrasystoles if they are
isolated complexes, bundle branch blocks if they are pre-
ceded by a normal P wave or probable ventricular
arrhythmias if there is a prolonged QRS complex not pre-
ceded by a P wave.

The length of the heart cycle, for its part, enables an
assessment to be made of the frequency and its variations
(Heart Rate Variability [21]); irregularity beyond certain pre-
set physiological thresholds indicates the existence of
arrhythmias.

In short, the obtaining of the ECG and the subsequent
automatic analysis of all these parameters means that the
system as designed can be applied to a great number of pa-
tients eligible for ambulatory monitoring.

This paper has been broken down into the following
sections. Section 2 givesafunctional description of the sys-
tem developed; Section 3 gives a detailed account of each
one of the three modules making up the system; Section 4
summarisesthe results so far and then the main conclusions
aredrawn.

2 Functional Description of The Proposed Sys-

tem

The objective in view was to design a system for moni-
toring certain physiological variables of a patient on an
ubiquitousbasisandin conditionssimilar toin_hospital treat-
ment. On amedical level the following variables are to be
monitored:

Electrocardiogram: 2 leads: As already explained,
the system hasto work with 2 el ectrocardiogram leads, so 2
independent bioamplifiers will be used, each one with a
bandwidth between 0.05 and 300 Hz, CRMM > 100 dB,
and input impedance > 10M S, with asampling frequency of
up to 200 Hz per channel and 10-hit resolution. The gain
(500 - 2000) and offset of each amplifying stage will be
independently programmable from amicrocontroller.
Connection to personal analysers. many of these

devices (glucometers, coagulometers,....) can store the re-
sults of the last analysisin an internal memory and transfer
them through an RS232 port; the connector and suitable
protocolswill therefore beimplemented for interacting with
several models. The only function of the operator isto con-
nect the device, automating the process and avoiding the
possibility of errors. The communications protocol has been
designed for various glucometer and coagulometer models.
Many of these analysersarelikely in the near futureto have
aBluetooth communications system, with which our equip-
ment could operate, logically after setting up the suitable
communications protocol.

The patient monitoring system developed in this paper

comprises the following elements (Figure 1):
Portable Module (PM): this equipment is designed to
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Contol Centre

Figure 1: General Diagram of The System.

capture, transmit and, in certain circumstances, make a ba-
sic analysis of the ECG. It is basically made up by a
microcontroller system, 2 ECG signa amplifiers, aBluetooth
transmission system and an autonomous power supply. Under
normal conditionsthe PM formsaBAN that communicates
with an AnalysisModule.

Analysis Module (AM): this can be considered as an
intermediate unit (gateway) between the PM and the Con-
trol Centre set up in the hospital. One of itsmainfunctionis
to provide atop-quality detection of the ECG and pinpoint
any abnormalitiesin arestricted set of possibilities.

It receives the ECG signal sent by Bluetooth from the
PM and aso communicateswith the Control Centre by means
of mobiletelephony (short telephony messages: SMSor data
mode calls asthe case may be). It has been set up on aPDA
and mobile telephone. A series of algorithms are run in the
PDA to analyse the ECG signal received and detect certain
anomaliesin the patient.

Another possibility isfor the AM to be connected up to
certain commonly-used personal analysers (glucometers,
coagulometers, etc) and download the data stored in them
toincorporate thisinformation and send it on to the Control
Centre. These devices communicate with each other through
RS232 ports using the particular commands of each ana-
lyser.

Control Centre (CC): central unit (ideally located in
the hospital) for the control of an indeterminate number of
monitored patients under the supervision of medical spe-
cialists. It can be set up on a personal computer and will
carry out the functions of communication by mobile te-
lephony, management of patients, generation of reports, etc.

The above mentioned modules could be used in two dif-
ferent scenarios:

1. The patient wearing the PM iswithin the range of
theAM (data transmission mode). In this case the Portable
Module basically captures the ECG signals (1 or 2 leads
depending on the configuration) and sends on the informa-
tion to the AM. The latter then runs the signal_analysis al-
gorithms and contacts the Control Centre if it detects any
abnormalities. The AM also acts as a gateway between the
patient and the Control Centreto request the sending of the
signal inreal time, statistics obtained, etc.
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2. The patient is outside the range of the AM (data
analysis mode). If Bluetooth communication between the
PM and AM isnot possible, then it isthe PM that analyses
the ECG signal; obviously, due to the limitations of the
microcontroller of the PM, only very simple analysis algo-
rithms should be used [22]. A prerequisite of this working
mode is for patientsto carry with them a mobile telephone
with Bluetooth communi cation, for communication with the
CCif any problem is detected. It should be pointed out here
that itisthe PM itself that detectswhether or not it iswithin
the AM’srange of action; theAM periodically sendscertain
datato the PM, on the basis of which the PM switchesfrom
one working mode to the other.

In either of the two above cases, both the Control Centre
and the patientsthemsel ves (by pushing abutton) caninitiate
the transfer of the patients’' ECG in real time, so that it can
be examined in the Control Centre by a specialist.

A data mode call (GPRS - General Packet Radio Serv-
ice) is used for sending the ECG by mobile telephone and
short telephone messages (SM'S — Short Message System)
for sending data of the persona analysers, configuration,
etc, cutting down the cost in each case and optimising the
communication bandwidth.

3 HW/SW Architecture of the Various Modules

The modulesforming the monitoring system are designed
and implemented in view of the restrictionsimposed by the
application. This is first-need equipment for many
cardiovascular patients, so the cost and consumption should
both be kept aslow as possible, with minimum safety crite-
riaaso being ensured.

The hardware design of the Portable M odule was based
ontheguidelineslaid down in the European Standard: “ Par-
ticular requirements for the safety, including essential per-
formance, of ambulatory electrocardiographic systems’
[23]. At hardware level this standard defines the minimum
bandwidth (0.05 _ 40 Hz), input impedance (> 10MS), bat-
tery life (> 24 hours), minimum CMRR of the signal ampli-
fication (> 60dB @ 50Hz, >45dB @ 100Hz), etc.

If the system offers automatic signal analysis (QRS de-
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Figure 2: Hardware Block Diagram of The PT.
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tection, ventricular ectopic beat detection, etc), the stand-
ard indicates the tests and databases to be used for testing
the system. In our case, however, this phase has not yet been
carried out.

With these restrictionsin mind, adescriptionisnow given
of the HW and SW of each module forming the monitoring
system: PM, AM and CC.

3.1 Description of the PM

The PM system has been designed at hardware and soft-
ware level by the authors. Figure 2 showsitsblock diagram
at hardwarelevel. It isa portable, low-weight, low-volume,
low-consumption and ergonomic system. It comprises the
following elements:

Microcontroller: PM operation is governed by the
ATmegal28 microcontroller, with an 8 bit RISC core capa-
ble of delivering up to 16 MIPS at a maximum of 16 MHz.
Its performance features are the following; in terms of stor-
age capacity it has 128 Kb of FLASH memory
(reprogrammable more than 10000 times), 4 Kb of EEPROM
and 4 Kb of SRAM. In terms of communicationsit features
I1C, SPI and 2 UARTS. It aso has 2 timers of 16 bitsand 8
bits, watchdog, eight analog-digital conversion channels, an
analog comparator, 8 channels with PWM modulation
capacity, low voltage power supply detector, hardware
multiplier, internal oscillator, etc.

Programming is done on the electronic board itself
through a JTAG (Joint Test Action Group) interface. The
main functions of the microcontroller are:

- Initialisation and initial configurations. configuration
of thecommunicationsport, A/D converters, amplifiersgain
and offset, etc.

- Periodic digitalisation of 1 or 2 leads, depending on
the configuration. A timer causes a cut-off at an adjustable
frequency (40 - 200Hz); in the data transmission mode both
signals are sequentially digitalised and sent through the se-
rial port to the Bluetooth module and then to the Analysis
Module.

- Reception and attention to commands sent by the AM.
At any moment the PM might receive commands from the
AM to vary the gain or offset of some of the stages, deacti-
vate/activate the digitalisation of some of theleads, in short,
remote configuration of PM parameters.

- Detection of whether or not the PM iswithin range of
the AM. The PM continually and automatically detects
whether it iswithin range of the AM. If so, it worksin data
transmission mode; if not, it switchesto data analysis mode.

- Basic algorithm for ECG analysis. This agorithm is
run when the PM cannot send datato the AM (data analysis
mode). In this case the :C analyses the ECG signal with the
basic aim of ascertaining the patient’sheart rate [22]. If this
rate strays outside preset levels, it sends the appropriate AT
commands to the mobile phone for transmitting an SMSto
the Control Centre indicating this possible abnormality. A
data mode call will then probably be established from the
Control Centre for sending the patient’sECG in real time.
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- Reception of commands by mobiletelephone. If work-
ing in data analysis mode it can receive a command by
mobile telephone to request, for example, transmission of
this patient’s ECG, variation of the thresholds or character-
istics of the amplification network, etc. In this case the pa-
tient’s mobile telephone acts as gateway between the PM
and the CC.

Bioamplifiers: Two different bioamplifiers have been
designed, each one based on an INA 114 instrumentation
amplifier, followed by an amplification stage of program-
mable offset and gain using an operational amplifier
(LMC6482AIM) and resistorsdigitally programmablefrom
the microcontroller (X9C103) for adjusting the gain and
offset of thissecond stage. The bandwidth of each amplifier
rangesfrom 0.05 to 300 Hz, with inclusion of a50 Hz notch
filter.

Communications: The Bluetooth communication is
provided by a module based on the CSR BlueCore2 Ext
chipset with UART (Universal Asynchronous Receiver-
Transmitter) connection to the microcontroller (transport
interface). Thismodule, based on BlueCore2_Ext, provides
SPI and 11C communications, two widely used communica-
tioninterfaces. Thefirmwareintegrated by thismodule meets
specification 1.1 of Bluetooth, permitting, in the radio
interface, asynchronous connectionless links (ACL) of up
to 720 kbps (with USB transport) and three synchronous
connection-oriented (SCO) links of 64 kbps. It isaclass 2
device (4 dBm transmission output) with atypical sensitivity
of 80 dBm, with a 15 metre range in an office environment
(numerous obstacles) and 45 metres in the open air. The
mean power consumptionisestimated as 15 mA @ Vdd=1.8
V. in asynchronous transmission of 115 kbps, plunging to
500 microamperes in sniff mode and even further to 20
microamperesin deep sleep mode. A seria port profile (SPP)
isused, mainly implemented on Bluetooth deviceswith data
exchange capacity. The Bluetooth module is the slave part
while the PDA or mobile telephone (data analysis mode) is
the master in the SPP profile. The radio interface
communications can reach 380 kbps, but the speed used for
UART transport is up to 250 kbps. The encryption is 56
bits; the reliability and authentication of the link are
guaranteed under the Bluetooth specification 1.1, by
establishing aPIN-based link key for authentication and the
various control and error correction codes (with
retransmission if necessary) implemented in the layers be-
low RFCOMM.

Bluelab SDK isused as the necessary devel opment sys-
tem for reprogramming the BCO2-Ext. This consists of a
GCC compiler (GNU licence), a series of utilities (loader,
programmer, debugger) and a powerful functions library
giving access to all internal modules of the BC02-Ext. An-
other noteworthy feature is the 64 kBytes user-application
space within the Bluetooth module. Furthermore, CSR of -
fers the stack Bluetooth, which implements the different
protocol levels specified by the Standard Bluetooth. Two
types of stack are possible. One of them offers the applica-
tion an HCI interface while the other offers stack up to the
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RFCOMM level, thelatter facilitating accessto L2CAPand
SDP. The RFCOMM stack is used in the application de-
scribed in thisarticle. The module based on BC02_Ext thus
behaves like a UART once the channel has been set up be-
tween said module and the interlocutor device (PDA,
smartphone, etc.). In the application presented herein, the
microcontroller (ATmegal28) controls and communicates
with the Bluetooth modul e through several lines:

-RESET. Reset hardware of the communications mod-
ule run by the main application, resident in the
microcontroller.

- TX and RX. Transmission and reception signals of the
microcontroller’sUART, used as serial communication lines
with the Bluetooth module.

-S0and S1. Control signalsallowing the microcontroller
to make petitions to the Bluetooth module.

- AMB. Bluetooth module signal used to confirm
microcontroller petitions.

The programming of the BCO2-Ext with RFCOMM stack
is based on a series of cals to an essential component of
said stack: the connection manager (CM). Bluelab is
equipped with a scheduler for running different tasks. One
of these tasks (Task 0) isthe CM which is called from an-
other task (Task 1) by means of a series of messagesrequir-
ing CM functions: messages such as pairing, link key, con-
nect, pin code, error, etc. Finally, once both devices have
been paired, a stream connect is set up to connect the data
flow from the UART of the BC02_Ext to the RFCOMM
channel established by means of callsto the CM.

The sequence of callsstartswith initialisation of the CM
(CM_INIT_REQ), after which registration is made of the
service and device class (CM_SERVICE _REGISTER
REQ,CM_WRITE_CODE_REQ), the device pairing
(CM_PAIR_REQ) which implies the interchange of the
LINK KEY (CM_LINK_KEY_REQ) and the PIN code
(CM_PIN_CODE_REQ) and, finally, the establishment of
the connection (CM_CONNECT _ AS SLAVE REQ). In
response to CM_CONNECT_AS SLAVE_REQ the CM
returnsaradio_frequency channel (RFCOMM) which con-
nects up to the UART by means of callsto the CM:

Figure 3: PDA Display with The ECG Signal.
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StreamConnect(uart_source, rfcomm_sink);
StreamConnect(rfcomm_source, uart_sink);

Where uart_source and rfcomm_source are data input
streams and rfcomm _sink and uart_sink are data output
streams.

By this time the communication through the Bluetooth
device is transparent, acting as a pipe between the UART
and the RFCOMM channel set up with the remote device.

The connection established is a slave seria line emula-
tion. This means that once the CM has been initiated, the
application and Bluetooth stack wait for the master device
to ask for the pairing and the establishment of the RFCOMM
channel.

Power supply: Power is supplied from a rechargeable
3.5 volt battery. Values of +3.3 volts are then obtained by
means of an MAX 1705 step-up converter whilethe voltage
of +5 volts necessary for the analog part is achieved with a
DC/DC NAMO505 converter; this optimises the system’s
power performance. The microcontroller runs on 3.3 volts;
an LCfilter has been fitted to ensure that the power supply
isasstable as possible and to eliminate any noise associated
with the power supply voltage.

3.2. Description of The Analysis Module

The Analysis Module has been implemented on a PDA
platform; it is a portable processing system with advanced
user interfaces and distance-communication possibilities,
whether Bluetooth, Irda or RS232, etc. The model used
(iPAQ H3970) does not allow for mobile telephone com-
munications, so these communications are made on a mo-
bile telephone (the same as the one that can be carried by
the user in the data analysis mode, both communicating
through Bluetooth).

A basic feature in the design of the AM isthe definition
of the user’sinterface, which must be user friendly and fa-
cilitate browsing from one option to another, since it will
often haveto be used by peoplewith little computing know!-
edge. Figure 3 showsthe AM interfacereceiving apatient’s
ECG signals. From this interface the user can easily select
the options of “Send to CC”, “Record”, “Exit”, etc.

The following functions have been programmed in the
AM:

- Reception of the ECG from the PM and sending a con-
trol word so that the Portable Module recognises that it is
within the AM’s range of action.

- Analysis of the signal received. The parameters to be
analysed plus the algorithms to be used in each case can be
configured, within the programmed options. Aswell asthe
algorithmsindicated in [22], wavel et-based algorithms and
blind signal separation have also been programmed. These
facetsare still in research stage.

- Driversfor communication with different types of per-
sonal analysers and data capture therefrom glucometers
Bayer Esprit® and OneTouch Ultra® (Lifescan) and the
coagulometers Coagucheck® (Roche) and HEM OCHRON
® (SIGNATURE).

- Mobile telephone communications by means of calls

Novatica ©



Computing Omnipresence

L s

]
T

B =

=

P4y

Figure 4. CC Display Showing The ECG, The Areas
and The Waves' limits.

(for sending the ECG) and SMS for sending alarms, con-
figurations, etc.

- Database for storing patient information.

Itisalso possibleto carry out the following functionson
theAM:

- Storage of the ECG signal, whether ad hoc due to cer-
tain events (tachycardia, bradycardia, etc.) or periodically.

- Storage of the data obtained from the personal analys-
ers and display thereof on suitable graphs, even when they
have been sent to the Control Centre.

- Possibility of displaying 1 or 2 ECG channels on the
PDA screen, for better appreciation of the details.

- Functioning of analysisin “graphic” mode. With this
option the PDA screen shows the ECG signal and the algo-
rithm points, making it easy to check whether the running of
the ECG analysis algorithms gives the expected result.

3.3 Description of The Control Centre

The Control Centreisbased on apersonal computer with
the following functions: database, mobile telephone com-
munications, printer and a smart module for analysing the
information received. It has been implemented using
LabWindows language; the function isto centralise the in-
formation on possible patients and enable a medical spe-
cialist to monitor the state of each patient. Checks can thus
be made, for example, on the performance of the automatic
analysis algorithms (Figure 4) or the state of each patient;
reports can be generated and sent to the patient while the
equipment’s gain and/or offset can be adjusted, etc.

4 Practical Results

We consider the most innovative part of our system to
bethe hardware (Figure 5) and software devel opment of the
Portable Module. A descriptionisgiven below of itselectrical
characteristics, which meet the standard [23]:

- Power consumption: 22,6mA

- Autonomy (750 mAh battery): > 30 hours

- Input impedance: 14,2 MS

- Bandwidth: 0.05 _-250 Hz

-CMRR: > 100 dB.

All sortsof tests have been conducted at functional level
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to check that the system abides by the indicated specifica-
tions, in particular:

- ECG transmission tests (1 and 2 channels) to the CC.

- Tests of the capture and transmission of datafrom vari-
ous commercial personal analysers: glucometers,
coagulometers,....

- Tests of the system in data analysis mode, using the
mobile telephone Nokia 6600

- Tests with the patient moving in an environment with
obstacles.

A check has al so been made that the ECG analysisalgo-
rithms implemented so far work reasonably well, although
we understand that further fine tuning is needed until they
pass the tests indicated in [23].

5 Conclusions

This paper presents the current state of a system for the
monitoring of patients’ electrocardiograph signals using
different wireless technologies: Bluetooth and mobile te-
lephony. At the moment a hardware platform has been set
up for system operation; thiswill be optimised mainly with
theimplementation of algorithmsthat ensure arobust analy-
sis of the ECG signal under diverse operating conditions.

The next stage in thisresearch project will involve tests
of the implemented signal analysis algorithms and a check
of their performance, in accordance with the specifications
laid down in the standard [23]. Theaimwill beto build up a
system that completely meets all relevant standards.

The system is based on an open architecture that allows
the system to be configured to meet the needs of each pa-
tient; furthermore, the use of standard technology meansthat
new equipment can easily be incorporated as it appears on
the market.

Finally we believe that the system can be used for other
types of applications, such astelemetry and control of wire-
less systems.
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SIGLAS: A Practical Case of The Application of
Ubiquitous Computing in Warehouse M anagement

José-Julio Gonzalez-Pozo and Manuel Ortega-Cantero

Following the principles of Ubiquitous Computing, we have designed a warehouse management system, hereinafter re-
ferred to by its Spanish acronym SIGLAS (standing for Management System for Locating Goods in Warehouses), which we
put forward as an example of the application of the Ubiquitous Computing paradigm to business management environ-
ments. Thisarticle details the processes that need to be undertaken in order to implement a Ubiquitous Computing project
in a specific organization, paying special attention to the advantages of such a project.

Keywords: SIGLAS, Ubiquitous Computing, Ware-
house Management.

1 Introduction

Since Mark Weiser first defined the Ubiquitous Com-
puting paradigmin 1991 [1], alarge number of projectsand
research initiatives have devel oped this principle, enabling
organi zations to address specific problemsin their produc-
tion processes and management thereby stealing a march
over other organizations which still consider the paradigm
to be too theoretical.

Ubiquitous Computing isan interaction paradigm, mak-
ing permanent access to information possible not only
through personal computers but also through all the elec-
tronic devicesthat peopleusein their day-to-day lives. This
access to information needs to be practically transparent to
the user; that isto say, it should require no effort on the part
of the user. For thisreason, this concept does not apply only
to hardware but al so to software, by constructing simple user
interfaces that focus users' attention on the performance of
tasks rather than on how to perform them.

One of the main aspectsthat hasfostered theimplemen-
tation of Ubiquitous Computing isthe development of wire-
less technology. The most recent 802.11b, g, and i wireless
standards together with Bluetooth technology have facili-
tated connectivity and the access to information from any-
where. This has improved the serviceability, comfort, effi-
ciency, and speed in everyday work and decision making
processes. Another important aspect of Ubiquitous Comput-
ing has been the technological development of processing
capacity per unit of space. As Gordon Moore predicted in
1965, the capacity of the microprocessors has progressively
doubled every 18 months, which has enabled the
development of ever smaller devices integrated in users
everyday lives.

The CHICO (Computer Human Interaction and Collabo-
ration) research group of the Universidad de Castilla-La
Mancha, Spain, has devel oped several Ubiquitous Comput-
ing systems based on an architecture called e-CLUB [3].
They alow different experimental disciplines to be taught
and learned by using PDAs (Personal Digital Assistants).
AULA [4] deservesaspecia mentioninthefield of e-Learn-

ing.
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In this article we introduce the SIGLAS project as an
example of the application of Ubiquitous Computing in
business management environments. First, we will explain
how accessto information is achieved in a specific system.
Then, we will define the software requirements to accom-
plish the project. Later, we will detail the advantages that
the implementation of SIGLAS has given to a certain envi-
ronment, before concluding with apresentation of theinter-
face.

2 The SIGLAS Project

The central objective of the project isto integrate Ubig-
uitous Computing [1] inatypical environment of inventory
management in awarehouse. The acronym used, SIGLAS,
derives from the Spanish descriptive name Slstema de
Gestion para Localizacion en Almacenes de Socks
(Management System for Locating Goods in Warehouses).
The purpose of the system isto manage stock in awarehouse,
to monitor and organize customers' orders, and to receive
and control orders from suppliers.

One of the main difficulties that we encounter when
undertaking such a project is the matter of connectivity be-
tween the information stored by the organization’s general
processes and the mobile devices used. In some casesit is
the processes, or el se the database used asthe driver of these
processes, that provide the means of achieving connectivity
in an easy and rapid manner.

In other cases, such as the one we present here, there
may be an inherited information structure which is hard to
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Figure 1: Access to InterSystems Caché.

adapt to current environments requiring, say, the use of ob-
jects. For these cases we need to find hardware or proce-
duresthat enable connectivity without significantly altering
the company’s computing structure.

In this project, the database used by the organization is
Caché by InterSystems, whose storage model matches a
collection of multidimensional sparsearrayscalled "globals"
against types and numbers of independent sub-indexes. In
order to make these globals accessible to object-oriented
technology, aprocess of "mapping" wasrequired. Thisproc-
ess assigned a structure of classes to each global. Once the
information hasbeen made availablein astructure of classes,
various methods can be used to access the information, such
as SQL statements, object-oriented languages, or database-
driven languages such as Caché Server Page described be-
low. This processisdisplayed in Figure 1.

Finally, with regard to physical connectivity there are
currently alarge number of standards for wireless technol -
ogy. The standard to be used should allow the system to be
evolved to provide more and improved services. Thisisthe
case of 802.11b wireless technology, which makesit possi-
ble to migrate in the future to 802.11g/i standards or to any
faster standards that may emerge.

2.1 Extending the SIGLAS Project

After thefeasibility of thisproject had been verifiedina
specific organization, the possibility arose of extending the
SIGLAS project to anew line of development: the monitor-
ing and controlling of the different components of an auto-
mated system.

In the first phase of this project we took the specific
situation of acompany asour starting point. Inthiscase, the
company has an automated system for the receipt and
delivery of orders. The system consists of alarge number of
automeatic elements: actuators, light barriers, brakes, engines,
conveyor belts, mechanical arms, automatic elevators, etc.
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All the signals generated by these elements are interpreted
and processed by a programmable robot or PLC
(Programmable Logic Controller), namely aSimatic S7. The
CPU (Central processing Unit) of the PLC isin charge of
executing the control program of signals for the manage-
ment of the warehouse. The program is located in an E-
PROM.

The PLC can be monitored through specific programs
installed in the PLC. They allow the operation of the robot
to be visualized and managed on apersonal Computer (PC).

A future extension of the SIGLAS Project could be to
enable the PL C to be controlled by any PDA- or Tablet PC-
type mobile device. To achieve this, the following aspects
need to be devel oped:

m Toanalyseand interpret the Simatic S7 protocol that
providesinformation on the state of the robot and the situa-
tion of all the devices making up the automated system.

m To createthe storage structure required to reflect the
different states that the robot can be in and the components
that determine these states.

m To enable the storage structure to be queried and in-
teracted with through aWeb server. Thiswould involvethe
design of asimpleinterface, onewhich iseasy to handle by
the workers or operators controlling the automated system.

With this extension, the management of an automated
system would be achieved in a fast and simple manner,
thereby bringing the Ubi quitous Computing paradigm to the
field of automation.

3 Software Requirements

The SIGLAS project’s main objective was to meet the
needs and expectations of an organization applying Ubiqui-
tous Computing to warehouse management. In this particu-
lar project they were:

m Stock control: Access to information related to all
itemsin awarehouse, with their different characteristics of
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price, location, and quantity.

m  Monitoring the day’s orders: Allowing the state of
ordersto be tracked on a daily basis.

m  Organization and planning of customers’ orders: Al-
lowing agreater control over order fulfilment, dispatch, and
delivery processes.

m  Receipt and control of suppliers orders: Improving
the tasks of receiving, storing, replenishing, and locating
goods in the warehouse

Before the implementing the software we had to decide
which technology and language to use. After considering
the multiple possibilities regarding the technology to apply
to the SIGLAS project, we decided that the technology
should be independent of the mobile devicesto be used. For
this reason we chose Web technology which allows us to
produce designs independently of the end device used to
execute them.

Caché has an integrated technology called CSP (Caché
Server Pages) [4] for the construction and development of
highly scalable, high performance Web applications. CSP
allows Web pages to be generated dynamically using data
stored in Caché. The content of CSP pages combinesHTML
(HyperText Markup Language) with Caché ObjectScript
language as well as specific CSPtags. These tags allow the
embedding of SQL (Structured Query Language) statements.

Although we could have chosen any other Web devel op-
ment language, this database technology helps us to avoid
having to use independent gateways such as ODBC. This
solution was chosen as it provides greater speed and opti-
mization of the processes to be executed on the server.

4 System Architecture

Once the technology to be used (CSP) had been decided,
it was necessary to define the classes required for the
SIGLAS system. Figure 2 showsthe corresponding diagram
of classesdetailing the classclients (CLI), laboratories (1ab),
items (ART), warehouse (ALM), location (UBI), stock

(STK), preparation sheets (HPR and HPR1) and purchase
orders (FISH); it aso shows their attributes and the meth-
ods used.

Sequence diagrams were produced for each of the sys-
tem’s functionalities. Figure 3 shows a diagram of the item
query functionality.

As seen in Figure 3, the CSP pages required for this
functionality were developed. They are:

m  SARTCON: Thisistheentry form of theitem identi-
fier

m  SARTDAT: This showsinformation about an item.

m SARTSTK: This displays the situation of different
stocks of the item.

m SARTMAS: Thisshowsother information related to
theitem.

Similarly, the sequence diagrams for the rest of the
functionalities were developed: consultation of orders for
the day, consultation of customers' orders, and consultation
of suppliers’ orders.

To close this phase, a Web server was required to con-
nect with the database where the classes and the CSP pages
were stored, and to service users' requests.

5 Results

The development of the project led to its actual imple-
mentation in a specific organization, COFARCIR
(Cooperativa Farmacéutica de Ciudad Real), with a 5000
m? warehouse. First of all we needed to perform a radio
coverage study to adapt the wirel esstechnol ogy to thelocal
conditions. It was also necessary to decide which mobile
deviceswereto be used. Once these decisions had been taken
and once the system had been commissioned and started up,
we were able to verify the actual feasibility of the project
with the following advantages to the user:

m |mproved access to information.

m Processintegration.

CLI LAR
CLI LAR
HOM NOM
PorlTombre() PorMNombre()
1 1
HFR HPER1 ART PEC1 PEC
CLI 1 «| NALB NUMPED .
NPED HNLIN 1 =| COD 1| FECPED 1 HNUMFED
EUTA V| NHOJTA LES CODART FECPED
MALE EST,PAS TIPART NOMART CODLAB
PorCliente() MOD, ANA CANT, FVL
PorAlbaran() COD, DES
ForPedido() CAMTS. Pordlombre() EorPedido() PorLaborator()
PaorAlbaran() 1
PorHojal)
2 STE
ALM UBL COD, ALM
EST PAS
«| COD, ALM 1 x| MOD, AMA,
=0 — ——} pos, B
CLAFAL MOD ERIEOH
ANA PVLPVC PVP
TIPFRE
) . PorCodigo()
PorCodigo() PorCodige() PorCodUbil)
Figure 2: Diagram of Classes.
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Figure 3: Item Query Sequence Diagram.

m  Cost reduction.

m  Improved quality of service.

m  Optimization of resources.

Finally, a web server was needed to connect with the
databasein which the classes and the CSP pageswere stored,
and to service users' requests.

All the above has given the organization a competitive
advantage over other companies that have not applied this
paradigm to their operations/ work system.

Asan example, whereasin the past aworker or operator
needed time to consult and modify a simple item in the
warehouse, now workers have immediate access to infor-
mation, their access is recorded in aregistry, and any cor-
rections needed to avoid mistakes that could alter the qual-
ity of service can be madein advance. Although current use
iscentred on industrial PDA's, the advantage of this devel-
opment is that in the future any mobile device with a Web
browser may be used.

6 User Interface

The importance of user interfaces has been growing in
recent years. If the interface is complex, tedious, function-
ally inadeguate, with inconsistent actions and insufficient
information for the user, it can cause stress, anxiety and,
eventually, loss of productivity [5].

CODIGO 762674
GELOCATIL 650 MG
20 comp
1.40,18396+ O
1 4 0 63 O
1 4 0 66 O
1 4 0 67 O
9 4 0 63 200#

Figure 4: WSS1060 Terminal
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Although wireless connectivity allows usto use various
types of terminals, the aspect of the user interface is also
very important when designing a Ubiquitous Computing
project. The interface should be completely intuitive and
user-friendly so that the user does not have to spend any
extratime or effort in learning how to interact with the sys-
tem [6]. For a better understanding of this aspect we can
take alook at Figures 4 and 5. In Figure 4 the information
appears on a radio-frequency terminal, namely a Symbol
WS1060. Figure 5 showsthe same information on abrowser
on amobile device, namely a Symbol PPT8800. Theresult-
ing ease of understanding of information underscores the
importance of user interface design. The SIGLAS project
followed interface design procedures suggested by such
authors as Ben Shneiderman [7].

Figure 4 showsinformation about acertain item, namely
Gelocatil. It is possible to seeits national code, 762674, its
complete name, Gelocatil 650mg 20 comp, whereit isstored

=% 8:50
bt 213,96, 112,244 /cspfecicfsar -

1.- Internet Explorer

I SISTEMA SIGLAS

igo: 762674
CATIL 20 COMPRIMIDOS

Est:1 |Pasi4 |Modio |janaiez ||

Stock: 16396

Fst:l [Pasi4 |Modio [fanaes ||
Stock: 0

Estil |Pasi4 [Modio |fanaiez ||
Stock: O I

Fst:'?g |Pas:4 |FI-:||:I:III ||P-na63 ||
Ver Herram. 4§ E I3 El rd
Figure 5: PP T8800 PDA

Novatica ©



Computing Omnipresence

o
il | Internet Explorer

Wi 19:05
http:/f213.56.112.244/cspfedcfsp -

[ SISTEMA SIGLAS

ver Herram. & %] ¢} o F) A

Figure 6: Selection of Order Sheet.

(station, aisle, module, shelf), 1-4-0-63/66/67 and 99-4-0-
63, the number of items in stock, 18396, and its price per
unit, 1.40.

Figure 5 displaysthe sameinformation in aclearer way,
with the possibility of showing more information about the
stock with asimple click on the link.

Figure 6 shows how to access any part of an order sim-
ply by selecting one of the preparati on sheets making up the
order. Thisfigure shows the delivery number and the order
number, A12970 409028, the customer’s code and name,
500 Prueba, the shipping route associated with this customer,
65, and 3 links to the sheets that make up this order. Figure
7 shows a detail of one of these preparation sheets. In this
figure we can seethelocation of the itemsto be dispatched,
the station or area, the aisle, the module, the shelf, the code,
the name of the product, and the quantity to be dispatched.

7 Conclusions

We are at the dawn of anew ageinwhich the application
of the Ubiquitous Computing paradigm is beginning to
pervade every dimension of our lives. However, it is also
true that there are a great many advances yet to be made
before the paradigm is fully integrated in our day-to-day
lives. In this article we have presented a solution in which
the application of Ubiquitous Computing has successfully
solved specific problems in business management environ-
ments. The advantages, mentioned in previous sections, are
causing organizations to consider this type of development
asaway of making improvementsin several situationsaris-
ingintheir daily businessactivity. The SIGLAS project was
ajoint development between the Universidad de Castilla-
La Mancha and the company COFARCIR which arose out
of the close relationship between the academic world and
theworld of industry. Among the national and international
recognition that this project has received we would high-
light the 1% International Award for Technological Innova-
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Figure 7: Detail of Order Sheet.

tion using the Caché Platform, received at the Worldwide
Conference of InterSystems Developers held in Orlando
(Florida, USA) in March 2004.
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Ubiquitous E-M anagement of Indicators

Eladio Dominguez-Murillo, Angel De Miguel-Artal, Beatriz Pérez-Valle,
Aurea Rodriguez-Villanueva, and Maria-Antonia Zapata-Abad

The goal of this paper isto present a proposal for collaborative management of indicators within a ubiquitous computing
context. The scenario we describe assumes that various groups of people, without a common or unique location, need to
define and manage a large number of indicatorsin a collaborative manner. The case we present describes a ubiquitous E-
Management Performance | ndicators Systemfor Urban Water Services and shows the way in which ubiquitous collabor a-
tion can also incorporate aspects of knowledge management. e have used the term E-Management to define the ideas
which this notion contains, to refer to the capacity of a tool to allow a user to manage information in a remote and

collaborative way.

Keywords: Collaborative Work, E-Management, Per-
formance Indicators System, Ubiquitous Computing, Urban
Water Services.

1 Introduction

The ubiquitous collaboration paradigm provides mem-
bers of acollaborative group with general accessin order to
share services through a variety of interactive devices,
irrespective of the physical location of the members of the
group [4].

The goal of this paper isto present a ubiquitous E-Man-
agement Performance Indicators System for Urban Water
Services. This application is based on the indicator stand-
ardization process set up by the IWA (International Water
Association) [1] to manage water supply.

The system enables water supply performance indica-
tors to be controlled and periodic measurements taken. As
thisisthe responsibility of anumber of different municipal
serviceslocated in different places, we proposed setting up
an Intranet so that the work could be performed collabora-
tively.

The need to implement this system in a ubiquitous com-
puting context arisesfrom the fact that data on someindica-
torsis collected in remote places. We thought it reasonable
to assume that in these cases data could be input and
transmitted through devices such as PDAs (Personal Digital
Assistant) or mobile phones.

Theuse of PDAsalso allowsreal time accessto the data,
irrespective of physical location. In ameeting, for example,
the person in charge of municipal water management could
show those present the actual values of indicators and their
statistics.

In the following section welook at some possible situa-
tions in which the system will be used in a ubiquitous way.
The next section deals with the hardware architecture that
we propose for the system before we go on to describe the
most salient features of the system and we introduce the
notion of E-Management. To close the paper we summarize
the current state of the project.
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2 Scenario

We start by describing a typical scenario which shows
some of the functionalities related to the ubiquitous use of
the system for the management of water supply perform-
anceindicators.
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An employee of acertain company, in charge of gather-
ing datarelated to theindicator that measuresthe volume of
water, isin awater-treatment plant. In order to register this
information he accesses the system viahis’her mobile phone.
Once accessisvalidated, acombobox appears on the screen
showing anumber of variables. The user selectsthe desired
variable and inputsthe valuethat correspondsto the required
reading.

The municipal service, Integral Water Cycle, responsi-
ble for the variable Water Supplied decides to change its
calculation formula. To perform this change it applies for
permission by means of an SM S to the person in charge of
the indicators system. The person in charge, who is on a
business trip, receives the message and decides to grant
permission. S/he doesthis by accessing the application with
his/her mobile phone and transfers a copy of the correspond-
ing variable to the work environment. The system automati-
cally sendsan SMSto the municipal service, notifying them
that they can modify the variable. Once this message is re-
ceived, one of the people in charge at the municipal service
makestherelevant changes. When he has compl eted the task,
he sends another SM Sto the person in charge of the system
to check whether he considers it appropriate to change the
old variable for the new one. Once the person in chargeis
notified he can visualize the proposed change on the Internet
make sure that they still comply with regulations. Next, he
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Figure 1: Graph Showing Values of A Given Variable (A09).
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gives his/her go ahead to the change and the system sends
another SM Sto themunicipal service, Integral Water Cycle,
to record the change that has been made.

In another situation, the head of amunicipal serviceisat
awork meeting, and they need to know the state of some
indicators. So the head of the service accesses the indica-
tors system through his’her PDA. S/he connectsit to apro-
jector so that the rest of those present at the meeting can
view a statistic about the state of the indicators (Figure 1).

3 Hardware Architecture

For the previous situation we propose the hardware ar-
chitecture in Figure 2, which shows the hardware elements
and mobile devices that will be integrated into the system.

Thecity council has adatabase server to manage system
performance indicators and their values. The city council
also has a Web application server used by the Intranet,
thereby providing the city council with acollaborative work-
ing environment.

Mobile devices are included in the system to make up a
collaborative ubiquitous computing environment as in the
scenario previously described.

4 Metadata and E-Management

A number of authors have written about the concept of
E-Management [3], but the notion of E-Management that
we present isalittle different.

Generally speaking, in a collaborative application the
participants in the collaboration must be able to create, ac-
cess, modify, and delete a set of data [2]. In the particular
case of water supply performance indicators, the applica-
tion must allow the value of previously defined indicators
to be manipulated. Through this type of application, users
can generate reports which include specific values of indi-
cators or results obtained from data analysis (for example,
statistical analysis). If the systemis equipped only with this
type of functionality, it will be acollaborative system orien-
tated towards producing information.

However, another possibility is for the collaborative
application to not only allow datato be managed but also to
allow the participantsin the collaboration to create, access,
modify, and delete the definition of indicators. Thisis the
case of the Inagua application, in which users can manage
metadata relative to the water supply performance indica-
tors. They can define the indicators, modify the definition
of the existing ones, adapt them to new circumstances, or
eliminate those that for some reason have been declared
obsolete. A system of thistypeisasystem prepared for the
generation of knowledge.

The people who can define and manage the water sup-
ply performance indicators belong to different services of
the city council and have neither a common nor a unique
location. We have therefore considered how to enable re-
mote management of the performance indicators through
mobile and heterogeneous devices.

Thedataand the definition of indicators are managed by
an organized system of users. Each user has different
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Figure 2: Hardware Architecture.

management responsibilities depending on their role allow-
ing users to collaborate together. The tool controls the re-
sponsibility protocols of the rea system. One of the meta-
phors we have used to obtain this characteristic, liesin the
existence of two differentiated working environmentswithin
thetool: aproduction environment where thereis datafrom
performance indicators, and a work environment where us-
ers with the necessary privileges are able to modify those
indicators. Accessto thetool isby restricted access over the
Internet, and the tool is capable of presenting information
dynamically.

We considered that some of the characteristics that we
have described make thistype of application different from
therest. For thisreason, and given the capability of the tool
to alow information to be managed remotely and collabo-
ratively, we think it reasonable to consider this idea as E-
Management.

5 State of The Project

The database storing information on the indicators is
implemented in Oracle 9i. An Oracle 10g Application
Server(9.0.4) is being used as the Web applications server.
The application has been implemented using JSP. Zaragoza
City Council (Spain) has already installed all of the above,
except for the part referring to the mobile devices.

The abovementioned functionalities to be implemented
on mobhile devices are currently being implemented.

For related mobile devices, we have chosen .NET to
implement functionalities on PDA’'s and J2ME for mobile
phones.

In order to facilitate communication by means of SMS
messages between the Web server and a mobile phone, we
have opted to use a service provided by a mobile phone
operator which will allow us to implement such requests
from our application.
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Integral Water Cycle
Service

i

Dalabase Server

Information User

We considered that all the elements that comprise the
scenario we have described are innovative in the sense that
the system behaves like a ubiquitous E-Management envi-
ronment.
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We examine the work of two computer algebra systems on an ordinary differential equation of thefirst order. Both systems,
DERIVE 5 and Maple 8, yield implicit solutions, and both have problems plotting graphs of integral curves (which may be
classified as heart-shaped). These problems are even more serious when, in Maple, we deal with the implicit solution,

where the Lambert function is involved.

Keywords: computer algebra Systems, Lambert func-
tion

1 Introduction: NOS, SOS, and Errors in SOSes

In the beginning computers handled nothing but num-
bers, also if represented by letter symbols, later called
‘names’ or ‘identifiers’. And, although very soon they also
processed text (usually called ‘strings'), by such operation
as the deletion of a character and the concatenation, they
were designed and used to process numbers. The systems
(a.0. BASIC, FORTRAN, Algol, Pascal, C++) intentionally
manipulating numbers are called NOSes, i.e. numerically
oriented systems.

First trials to analytically handle derivatives and inte-
grals on computers were undertaken in 1953 (for more de-
tailssee e.g. [3] and [11]). First programs intentionally de-
signed to be adirect mathematical aid to scientistsin their
daily work were released in 1968: MATH-LAB-68 and
REDUCE. They both factorized polynomials, calculated
indefiniteintegrals, and solved some differential equations.
Thesetwo systems (called SOSes, i.e. symbolically oriented
systems, or CASes, i.e. computer algebra systems) were soon
followed by such productsas MATHSCRIBE (19609, thefirst
WY SIWY G symbolic algebra programs, also showing
graphical animation), MACSY MA (1969), SCRATCHPAD
(1974) turned into Axiom, MuMath (1979, the first sym-
bolic algebra program to run on microcomputers managed
by CP/M, an operating system for 8-bit computers, the pred-
ecessor to DOS) and its successor DERIVE (1988), aso
implemented in hand-held computers T1-89, Maple (1983),
and Mathematica (1988). There are many other SOSes, in
particular designed to deal within specialised areas (e.g.

© CEPIS

Cayley, Fermat, GAP, PARI/GP; see [10]), but it was Ma-
ple, Mathematica and DERIVE (now from Waterloo Maple
Inc. ak.a. Maplesoft, Wolfram Research, Texas | nstruments,
respectively) that gained the biggest popul arity in education
and university research. Thereare also popular hybrids such
as MathCAD and MATLAB (from Mathsoft and
MathWorks, resp.); they are basically NOSes, but they can
manipulate symbolical transformations if equipped with
specia packages.

L eszek Jankowski obtained, in 1983, a PhD in Mathematics
from theAdam Mickiewicz University in Poznan, Poland, where
he presented the dissertation on automorphisms of semigroups
and their application in modular spaces. For several years he
worked as Solidarity treasurer in Gdansk, Poland. Since 2002
he has worked again for Poznan University of Technology. His
recent research work isfocused on topology. His personal page
isat <http://www.math.put.poznan.pl/peoplé&/ljankows.html>.

Adam Marlewski graduated in numerical methods at the Adam
Mickiewicz University in Poznan, Poland. In 1981 he got a PhD
degreefor athesison Bernstein polynomials. Since 1973 heworks
inthe Poznan University of Technology, and in 1992-94 helectured
in the Universidade da Beira Interior in Covilha, Portugal. He
has published some books, authored and co-authored papers in
approximation theory, computer algebra systems, numerical
methods, electrica machines and simulation in remote sensing
and civil engineering. Heisareviewer in Mathematical Reviews.
He heads a site project on applications of symbolic calculations.
His personal page is at <http://www.math.put.poznan.pl/
~amarlew>.

<amarlew@math.put.poznan.pl >
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Fig. 1. Graphs of equalities x In y — x2— y? = ¢ for
c=-2,-5 -8

Obviously, the most important feature of CASes s that
thanks to them researchers and students may be freed from
|aborious, time-consuming transformations and cal cul ations
which are performed in an exact mode, i.e. without the round-
ing which are essentially involved in NOSes. Although in-
tensively developed, CASesare still (and probably they will
aways be) only assistants to mathematical investigations.
Thisisexpressively announced inthefull name of DERIVE:
DERIVE. A mathematical assistant. It is DERIVE, version
5, which is a CAS, we make use of. By the way, in 2001
Derive 5 was voted Best Budget Buy of the mathematic
section by the English magazine Computer Shopper (thedi-
dactic use of DERIVE and other CA Sesistreated in numer-
ouspublications, e.g. [1] —[3], [11], [13] —[15], [17] —[18],
[20], [21], [23], [24]).

And although today’s CASes do much more than their
first predecessors, therearestill problemswhich CASesfind
difficult to deal with and bugs that usersfind in them. This
happened recently to aversion of Maple, where the expres-
sion 2001!/2000! simplified to 1. DERIVE, which returnsa
correct result, provides an obviously wrong answer —3/2
when we ask for the value of

1
-
| =

5X

One easily notices that this error is of a different type
from that yielding 2001!/2000! to 1, Theformer issimply a
technical mistake, and the latter is made by an unjustified
application of Leibniz's formula for definite integrals. In
our paper we discuss difficulties DERIVE and Maple have
when an ODE (ordinary differential equation) isto be solved
and its solution isto be represented graphically.

2 Heart-Shape Curves
Limagons of Pascal are covered by the polar equation

r=b+2acosd

62 UPGRADE vol. VI, No. 5, October 2005

and were investigated by Albrecht Direr (1471-1528) and
Etienne Pascal (1588-1651). A special casefor b = 2aisa
curve traced by a point on the circumference of a circle
rolling round the circumference of a circle of an equal ra-
dius. In 1741 thisepicycloid was named a cardioid by Johann
Cadtillon. He derived this name from Greek word kardi
(heart), thisway he wanted to say that this curveis aheart-
shaped. The cardioid is not only a mechanical curve which
would make it possibleto construct adevice which movesa
tappet sinusoidally. The cardioidisalso the envel ope of light
beams emitted from a point laying on a circle and reflected
from this circle. Its good approximation can be seen on the
surface of amug filled with coffee.

The cardioid, in spite of itsname, resemblesaheartin a
much lesser degree than other lines. For example, we get
more natural heart-shaped curves when working with some
Bonne projections (see[4]). Other examples of heart-shaped
linesare

{.,{._'- _J.! _1}2 —.1.'1:1'3 — 'D,
x=sintcostlnlf|, y=[t["" cos™ 1, eg[-1.1].

(3x*7 -4y =16(1-x7).
and

T im
with ® runningfrom 3 to 3 , first two ones
proposed in 2003 by Dascanio [9], last two ones listed by
K. Eisemann of San Diego University [5], or projectionson

Oxy plane of the surface

(x*+ 15y 427 -1 —x72° _0D) e

worked out 11 years ago by Gabriel Taubin of IBM [22],
and

6 -5 -4 -3 -2 -1 1 2 3

Fig. 2. Graphs of equalities x = (In y — v)/2 and
x = (Iny+Vv)/2, where v = _f,"and u = In’u — (v*- 8)
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Fig. 3. Graph of the equation (6) withc = - 8

2.3
. XTI

(2x*+2y £z -1 - —y*z* =0,

-

modeled in 1997 by T. P. Nordstrand of Bergen Univer-
sity [19] (seedso J. P. Kuska of Leipzig Universitaet [12],
[16]). Inthe next section wefind an other heart-shaped curve.

3 Solving an ODE in DERIVE
Welook for the solutiony = y(x) of the differential equa-
tion
/x \I
Iny-2x+|=—=2y vy =0
J 7 J,J J 1)

Our equationisan ODEL, i.e. ordinary differential equa-
tion of thefirst order, which hastheformp + qy’ =0, where
p and q are expressions depending eventually on x and y.
That's why in DERIVE we can evoke the procedure
DSOLVE1l_GEN. Hence we edit the expression

DSOLVE1l GEN (LN (y)-2x,x/y - 2y, X, ¥, ¢). (2

It smplifiesto x-LN(y) - x* - vy?2 =¢, (3

where ¢ standsfor an arbitrary constant (named an inte-
gration constant).

For variousvalues of the constant cwemay let DERIVE
plot the solution, i.e. we may get the graphs composed of
points (x, y) satisfying thefinal relation (3). InFig. 1 we see
the graphsissued by DERIVE for c = -2, —5, and — 8.

It iseasy to seethat these graphsarefar from perfection.

The relation (3) is essentially nonlinear with respect to
y. But we can easily expressx intermsof y. We can let it be
done by DERIVE asfollows: we simplify the call

2

SOLVE (x-LN (y) - x* - y* = ¢, x). (4
We get the answer saying
x = (LN (y)

- v)/2 OR x = (LN(y) + v)/2 (5

wherev=_f; ,u=Iny2-4(y?+c).

© CEPIS

In Fig. 2 theresulting equalities for ¢ = — 8 are plotted.
In contrast to Fig. 1, graphs approach the horizontal axis
Ox, and there isagap between left and right branches at the
approximity of the point (X, y) = (0.6, 2.85). Should they
COMpOSe a continuous curve?
FE =lnx+c
Recalling theformula, & x ’ " and DERIVE
counterpart of thisrelation, INT (1/x,x) = LN(x),0ne
could suspect that the absolute value sign can be omitted in
theyielded answer. Infact itisnot forgotten, DERIVE smply
does not displays an integral constant. If we assume it is
equal to, let'ssay, —im + c with arbitrary positive ¢, we have
In] x |+ c). It appearsthat we areright, so we can modify the
answer (3) totheform

x-LN(|y|]) - x* ¢ y? = c. (6)

The image of thisrelation with ¢ = - 8 isshown in Fig.
3. Itrevealsa"strange" plot closeto the horizontal axis Ox.
The equation (6) saysthat this axis hasto be the symmetry
axis (replacing !y for y changes nothing), so we know that
thegraphisonly asketchy one (and its quality may beinflu-
enced by the screen resolution).

We have produced three graphs and not one of them can
be surely accepted. Nevertheless, these graphs show that
integral curves may be heart-shaped, that they resemble a
stylized heart spread along the horizontal axis. We would
like to know if these graphs are really heart-shaped or not.
As shown above, we have doubts about the graphs of the
solution (5) to the problem (1) when y approaches 0 and
wheny iscloseto 2.85 (and x = 0.6, asitisrevealed in Fig.
2). Thefirst question can easily be handled by the limiting
procedurewhichisbuilt-inin DERIVE. We edit the expres-
sions
LIM((LN(y) - SOQRT(LN(y)"2 - 4A(y™2 +c)))/2, vy,
0),LIM( (LN (y) + SQRT(LN(y)”*2 - 4A(y"2 +c)))/2, y, 0),

3.1

y 2
1.5
1
E e } § 4 4
3.5 a.s 1 1.5 2 2.5 |3
-0.5/ y=4{x"2-8)
A=LN(%) I|

Fig. 4. Graphs of expressions y=Iny, y=In?x, and y= 4(x2 -
8), and points E= (e, 1) and M= (q, 4(g? - 8)), where the last
two graphs cross
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Fig. 5. Screen displayed by Maple: solution to the ODE1 considered and the attempts to check it
(the direct one and via the odetest function)
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Fig. 6. Direction field of the equation (1) and the graph of one of its solutions plotted in DERIVE

thefirst call to get the limit for the left branch, and the
next call to know the right branch of our solution (5).

Unfortunately, simplifications of both these callsfail as
DERIVE doesnot removethe LIM operator. It doesremove
it if we command the right-side limiting, or if we replacey
by |y |- Then thecalls

LIM((LN( y ) - SOQRT(LN( y )"2 - 4A(y™2 +c)))/2, vy,
0,1), LIM((LN(]y|) - SORT(LN(|y])"2 - 4A(y"2 +c)))/
2, y, 0)

simplify to —==_

If we dareto say that our integral curveis heart-shaped,
we have to be aware that this heart has "a tail", that this
heart is chained, as if tied by a string spreading along the
negative semiaxis Ox.

We are successful if we limit from the right or we limit
withy replaced by |y |. Unfortunately, an anal ogical process
does not work when we deal with the limit concerning the
right branch, DERIVE returns an expression which differs
from the given one only by cosmetic changes (and with |y|
the outcomeis even less clear).

What DERIV E cannot do, we can do. A simple comple-
tion of the sum by the difference to have the difference of
squares gives

Iny+fln’ y—4(3* +¢)

(tnysdmy—d0 20| Iny—+fln’ y— 40" +¢)
=l Iny+yln° y—4(y" +c) | - -
) Iny—ofln” v—4(y" +¢)

4% +9)

Iny—fln’ y—407 +c)

If y — 0+, the nominator approaches the value 4c and
the denominator —==. Hence

!I.1.1}'+-|,‘h.11 y=4(y  +c) =0

© CEPIS

This proves that the right branch approaches 0 when y
decreases to 0 (and it runs to O by positive valuesif ¢ < 0).
So our "heart" has a deep indentation, which it reaches the
origin O.

At last, we discuss do both branches touch or are they
digoint curves. By their definition it hasto be

y>0andIn?y—4(y*+c) > 0.

The last inequality cannot be solved in an exact way,

because the equation
InPy—4(y?+c)=0

is transcendent. It determines a number, let's call it g,

such that both expressions

lny—yln® y—4y" +c)
and

lny+afln® y—4{y" +¢)

are defined for y € (0, q]. Putting y = g in both these
expression we get the same value Ing. This proves that |eft
and right branches meet. Fig. 4 illustrates the situation
for c = 8. Thevalue of q, y = 2.87736, is returned by the
simplification of the call

NSOLVE (LN (y) *2-4* (y*2-8) ,vy).

4 Explicit Form of the Solution

The Lambert function, also called the omega function,
and denoted here by the letter W, is defined to be the
multivalued inverse of the function z— zexp z. Thismeans
that W satisfies the equation

W(2) exp(W(2)) = z )

For z <0 the W function has only two real-valued
branches. The branch with values greater than —1 is called
the principal one. This function was named after Johann
Heinrich Lambert (1728 —1777) who was the first to pro-
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vide, in 1761, arigorous proof that wisirrational*. In some
of his works he dealt with the expressions satisfying the
relation (7), but areal interest concerning it exploded only
someyearsago, and recently many applications of thisfunc-
tion have been shown, see e.g. [6], [7], and [8].

By means of the W function we can provide an explicit
form of the solution of our equation (1). For this purpose let
us take a new variable t = In y. Then the solution (3) takes
theform

xt—x2—exp(2t) = ¢, i.e. 1= (xt —x%—c) exp(-2t).

That iswhy vu exp u, where
2 (. 2c)

== Ix+— 1,

¥ . E'qu X . _.l

) 2r
W=-2f+3xr+—.
x

Thus, by the definition of the Lambert W function,

u=W()
i.e 5 -
R U
X L
where
BE=12 {1 Efﬁ
= Lex 2X+—
P =xT)
Finaly,
=1+i—iﬁ’;—§j,
x 2 M ox
and so, if
'll.' B R
d=1‘ﬂ'|——:—21"—25,
X

then the explicit form of the solution to (1) is

i A'-I

y= explk— EME (8

1121 years later C. L. F. von Lindemann established that 7 is

In DERIVE the Lambert function is not implemented,
whereasin Mapleit isidentified by Lambertw.

5 Looking for a Solution in Maple

Aswe have aready said, the Lambert function isimple-
mented in Maple 8, and it isidentified by LambertW. The
simplification of the call

dsolve (iod)
where iod stores the considered equation, i.e.

iod := 1In(y(x))-2*x+(x/y(x)-2*y(x))
*diff (y(x),x),

yieldsthe expression of theform (8), the only difference
being that instead of ¢, theintegration constantis— C1. One
canseeitin Fig. 5, where the attempts to check whether the
output expression really solves the equation (1) are also
reproduced. The direct checking, consisting in the substitu-
tion of the obtained result into the equation (1), is not
satisfactory aswe get alengthy andillegible expression, and
we can even suspect that (8) does not solve (1). The
confirmation that (8) solves (1) is provided by the call of
the built-in Maple function called odetest, intentionally
designed to be applied in such situations.

AswecanseeinFig.7, thegraph, produced in Maple, of
the solution satisfying the condition y(x = 1) = 1, isincom-
plete: it does not pass through the point (x, y) = (1, 1) nor
does it pass in its neighborhood. The graph of the relation
(3), providing the implicit solution to (1), however passes
through this point. We seeitin Fig. 6, produced in DERIVE,
where the direction field of (1) is shown. The result is sur-
prising: despite the enrichment of the system (Maple with
the function Lambert W) we get aresult which confuses us.

Thisconclusion once again confirmsthat CASesare only
mathematical assistants. It staysvalid alsowhen, in DERIVE,
instead of the call

transcendental .
[ > plot(exp(l/2*{(-x*LambertWw(-2/x*exp(x)"2/
exp(2/x)"2)+2%*x"2-4)/x) ,x=-8..3);

m | L_|
1.4
/. E1 .2

i

/ HSB

- / :EI.E-} "
0.4,
d 02

& 5 a4 L U3 Il
| . | |

Fig. 7. Graph produced in Maple
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DSOLVEL (LN (y) - 2-x, x/y - 2'y, x, y, 1, 1)
we simplfy the expression
DSOLVEL ( - (LN(y) - 2-x)/(x/y - 2-y),1, x, v, 1, 1).

Thefirst call refersto the equation (1), the second oneto
the equation

~(ny-20| Z-2y]+y =0
)

It is different from (1) only on the curve x = 2y?which,
obviously, isnot asolution to the Cauchy problem (1) or (2)
withy(x=1) = 1. Asweknow, DERIVE providesthe solution
(3) inthefirst case. Thesimplificationinthe second casefails,
asthe program displaystheinformation: inapplicable.
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The quality of a website is a product of the activity of many actors: web designers, graphic designers, software devel opers,
content writers, webmasters, and web managers. The result of the work of each specialist must integrate correctly with the work
of the others. In order to evaluate the quality of a website, a*“ quality model” is very useful, since it reminds us of the principal
factorsinvolved in achieving it. Thisarticle describes a smple quality model for websites, which has been used widely.

Keywords: Quality Model, Software
Quiality, Web Assessment, Web Evalu-
ation, Web Quality.

1 Introduction

Even if web technologies allow
userswith little experience in Compu-
ter Science to quickly create elemen-
tary websites, designing professional
websitesisavery complex process. In
fact, there are many different aspects
to keep in mind. The website must be
inlinewith the communication style of
the organization it represents, it must
present the characteristics and the prod-
ucts or services in an accurate way.
Moreand more oftenit isnecessary for
the visitor to be able to do complex
operations, such as purchases, reserva-
tions, access to databases, which re-
quireacloseintegration with company
information systems. Also during the
functioning of the website, it isimpor-
tant to manage complex problems. For
example, to make surethat theinforma-
tive contents are always and timely
updated, that the technological infra-
structures used guarantee acceptable
service and run correctly and continu-
ously, or that information requestsfrom
visitors are answered.

All the above require the use of
personnel with specific professional
skillswhich up to afew years ago did
not even exist. Furthermore, the range
of competencesneeded to createaqual-
ity website is large. The contribution
of different people is therefore
necessary; experts in marketing, com-

munication, software, and above all
experts in the specific business of the
company that owns the website. The
overall quality of awebsite dependson
the harmonious cooperation of all the
professionals involved: the results of
the work of each much integrate cor-
rectly with the results of the work of
all the others. No contribution can be
ignored: because, like in achain, glo-
bal quality isequal tothe quality of the
weakest link. These needsare normally
underestimated today: in theimplemen-
tation of projects, or the improvement
of awebsite, thefocusisonly on some
of the aspects involved, neglecting
others, equally important to the eyes of
the final user. It is precisely the final
user who ultimately determines the
success or failure of awebsite.

To evaluate the quality of an exist-
ing website, or to correctly plan anew
one, it can therefore be very useful to
use a simple quality model which re-
minds us of the principal factors in-
volved and that allows usto keep them
under control. Thisarticlesynthetically
describes a quality model explicitly
designed for websites, which was used
successfully on websites of every kind
and complexity, both for making arapid
check-up and also for in-deth
assessments. The model, which is de-
scribed in depth in a recent book by
the author of thisarticle[5], takesinto
account, above all, the quality per-
ceived by the users of the website; in
other words, the so-called external
quality and quality in use, according
to the 1SO (International Organization
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for Standardization) [2] terminology,
leaving aside the aspects of the inter-
nal structure of the softwareused inthe
website (internal quality).

A quality model can be defined in
many ways. However, it is very con-
venient - aswe will seein the follow-
ing - to start from the analysis of the
activities involved in the design, the
creation and management of awebsite,
and of the various types of actors in-
volved. Therefore, in Section 2, the
logical phases that occur in the crea-
tion and operation of a website are
briefly described. Starting from this, in
Section 3, the quality model is intro-
duced, which will be further analyzed
in Section 4. In Section 5 we describe
how themodel can beusedintheevau-
ation of websites. Following is a brief
conclusion (Section 6), and an essential
bibliography of the issues discussed.

2 How A Website Is Built
Web engineering is a recent sub-
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evaluating the quality of awebsite, which
has been summarized in this article.
<polillo@disco.unimib.it>.
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ject and is not yet consolidated, andin
practice there are varied approaches
and methodol ogies, normally not very
structured, for planning and creating
websites. A universally adopted model
of processes does not exist. Also be-
cause, for example, the creation of a
large portal isvery different (it canin-
volve aproject group with tens of peo-
ple) from that of aninstitutional website
of a small company (which could be
created and managed by a single
person, who can take care of al the
aspects).

Without pretending to be dealing
with auniversal model, we briefly de-
scribe the general phases which need
to be followed from the conception,
implementation and management of a
website in order to identify the type of
actors involved in each phase and the
contributions that each member gives
to the overall quality of the website.

This schema deals mainly with
websiteshaving acertain level of com-
plexity, which therefore require the
involvement of many people: e-com-
merce websites, internet banking, pub-
lic administration websites, and other
similar types of websites. In the case
of simpler websites, the model is still
valid if the necessary simplifications
aremade: theroleswhich are described
will not necessarily betaken care of by
different people. In asimpler website,
isnot unusual to have only one person
in charge of everything.

The various phases that appear in
Figure 1 show the principal activities
which must occur for creating and run-
ning a website, as well as the logical

relationships between them, and the
professional skills required for each
activity.

For exampl e, the web design phase
receivesitsinput from the definition of
the strategy; the visual design requires
that the structure of the website has
already been defined in the web design
phase; the management of contents
requires that a software container be
already available, and so on.

Using Figure 1 as areference, the
process begins at the planning of the
general strategy and requirements,
which consists of defining the objec-
tives associated to the website, identi-
fying the target audience, the require-
ments and the constraints that must be
met, the servicesthat the website must
provideto users, the context of useand
possibly the technological architecture
to be used. Typically, in this phase, an
analysis of competitors’ websites sin-
gles out the best practice in the busi-
ness area and allows for the definition
of an appropriate differentiation policy.
Usually this preliminary phase is han-
dled by the company’ stop management
with the help of consultants speciaized
inthisfield. The output of thisphaseis
a document specifying the general
requirements, often used by third
parties in order to build technical and
economic proposals for the execution
of the following phases.

The next phase showninthefigure
isweb design. In this case the general
information architecture of thewebsite
is designed, and, most of all, the navi-
gational structure, defining theinterac-
tion modalities between thewebsite and

the users, and sketching the general
characteristics of thevisual appearance
of the pages. Web designers are
protagonists of thisphase, architects of
the web who often work in organiza-
tions called web agencies.

Next comesvisual design, inwhich
the graphics of thewebsite are detailed,
on the base of the planning madein the
previous phase. Sometimes various
prototypesare built, in order to be able
to choose the best solution. This phase
is carried out by the visual designer,
designers with a strong graphics and
visual communications background
who work closely with the web
designer.

The software development of the
websiteisthe next phase, where stand-
ard software products are used often.
Thisisthe activity which is closest to
"classic" information systems develop-
ment and, in the case of less complex
websites, can be carried out by the same
web agency that intervened in the
previous phases. Instead, for more
complex websites these activities are
normally led by companies specialized
in system integration. They assemble
the standard software products and
devel op specific software components
when necessary, and normally take over
the project, in cooperation with the web
agency (if one has been also involved
in the project). The software
development activities prepare, so to
say, an "empty" website (without infor-
mation contents). Content editorswork
on the contents aspect in the next
logical phase, contents management.
Basically it involves editors who are

Strategy &
Requirements

Web Design Visual Design ment of : N
Development Content Maintenance Management Connectivity
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Figure 1: Activities and Professional Skills Involved in The Creation and Management of A Website.
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Figure 2: The Construction of A Website Is An Iterative Process.

expert in the business domain the
website belongsto, and carry out their
work not only in this phase but also
when the websiteison line.

When the website is online, it is
necessary to manage and supervise its
operation. This task is performed by
webmasters, who have the responsibil-
ity of making numerous and frequent
technical interventionsin order to keep
the website running and updated, pre-
venting interruptionsin service. In the
case of websites which offer complex
services, it isalso necessary to manage
the information systems the website
cooperateswith for the execution of the
service. For example, in an e-commerce
website, the application software for
the management of warehouse,
accounting, and any functions related
to the sale and shipping of goods. In

these cases, the webmaster should
receive support from specialistsin the
applicationsinvolved.

Next in Figure 1 diagram comesthe
management of the server which
hosts the website. This activity can be
done internally by the company that
ownsthewebsite of by an externa web
farm, if the decision of delegating via
an outsourcing contract has been made.
There are firms who manage large
quantities of web servers for various
clients. They have the appropriate in-
frastructurefor thistask, allowing sig-
nificant savings to their customersin
fields like management and mainte-
nance of computers operations, secu-
rity and continuity of service.

Thelast actor present inthediagram
isthe Internet Access Provider (IAP),
which is the organization which

supplies Internet connectivity to the
web farm: an IAP is basically a tel-
ecommunications operator who pro-
vides access to the Internet and the
services associated to this access.

We haveidentified al the activities
relative to the planning and manage-
ment of awebsite, their interrelations
and the key actors. These must work
together, each one playingitsownrole,
in order to guarantee proper operation
of thewebsite. Their activitiesarevery
different from each other and are led
by professionals from different areas,
with very different work methods, lan-
guages, professional cultures and val-
ues.

Thelogical sequence of the differ-
ent activities does not necessarily al-
way's coincide with the time sequence;
in fact, the process of creation of a
website, asin every complex software
system, rarely follows a linear path.
Often changes to decisions already
taken occur, which produces modifica-
tions to the work already done, in an
iterative process which converges, so
to speak, through subsequent approxi-
mations (Figure 2). In any case, the
basic structure of the website is
planned, created, presented to the cus-
tomer and tested with real or smulated
users, customers' and usersinformation
is collected, and the project is refined
with this information, improving the
unsatisfactory parts. When the website
becomes operational, its evolution is
not finished yet, but continues for the
rest of itslife span. A websitewhichis
"alive" is improved continuously and
is adapted to new needs, not only
updating and enriching it with new

Characteristic Sub-characteristics

1 [|Rooms Comfort, size, elegance, cleanliness

2 | Public areas Comfort, size, elegance, cleanliness

3 | Service Reception, room service, staff courtesy

4 | Restaurants Food gquality, environment, service, food variety

5 | Swimming Pool | Comfort, size, environment, equipment, cleanliness
6 |Beach Distance from hotel, equipment, landscape

7 | Surroundings Possibility of excursions, distance from city

8 | Sports facilities | Tennis, golf, fitness, other

9 | Children Nursery, playing areas

Table 1: A Tentative Quality Model for Hotels.
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contents, but al so making modifications
and improving the software " contai ner"
and the hardware infrastructure which
hostsit.

3 A Quality Model for Websites

Having described the different
phases and activities which must take
place in the creation and management
of a website via a global schema, we
will now introduce the basic elements
for the quality model whichisthe sub-
ject of thisarticle.

Itisuseful, aboveall, to definewhat
isintended for quality model. Whenthe
quality of something needsto beevalu-
ated, it is necessary to decide which
criteria have to be used. For example,
in order to evaluate the quality of a
hotel, agiven level of importance must
be assigned to the elements which are
considered important, for example:
rooms, public areas, service, restau-
rants, swimming pool, beach, surround-
ings, sportsfacilities, children’s' areas,
and so on. The same technique must
be used in order to define the criteria
for evaluating every single element. For
example, thequality of theroomscould
be evaluated on the basis of comfort,
size, elegance and cleanliness. A set of
criteriaisshownin Table 1, whichisa
tentative quality model for hotels. The
nine basic elements chosen are caled
characteristics, the others, sub-
characteristics.

It isevident that the characteristics
and sub-characteristics of any quality
model can be defined in many differ-
ent ways, according to the point of view
that is chosen. Inthe case of hotels, for
example, wemay adopt the point of view
of the company that provides
maintenance services, or the tour opera-
tor who sellsthe serviceto the public, or
the client. Depending on the point of
view, the model will be different.

For example, the system engineer
may be interested in the technologies
used for the systems to comply with
legal regulations, inthe accessibility to
the control settings, and so on. The
system engineer isnot interested inthe
surrounding environment, nor in the
weather conditions: s/heis, above all,
interested in how the hotel "worksin-
side" or, more precisely, in itsinternal
quality.

© CEPIS

Thetour operator takesfor granted
that the hotel works but will care in-
stead about the aspects which charac-
terize the hotel services at the market:
location, price, number of rooms, the
aesthetic aspects of the swimming poal,
etc. Itisinterested on how the hotel "is
externally" or, more precisely, in its
external quality.

The customer, when s/he uses actu-
ally the hotel services, isinterested in
other aspects. Probably s'he chose the
hotel because of its price, location and
appearance. However, once in the
hotel, these aspects do not interest her/
him too much: they are factual evi-
dences. Instead, the customer wantsthe
hotel to be adequate for the use s’he
wantsto makeof it. If shelikesto read
inbed, hewantsthereto be sufficient
lighting. If S’he getsup late, shewants
to be able to have breakfast, and then
to find a sun bed at the pool. In other
words, s’/he is no longer interested in
the general characteristicsof the hotel:
s/hewantsit to be adequate for his/her
specific uses. S/he is interested, so to
speak, in the quality in use (or usabil-
ity) of the hotel.

Internal quality, externa quality and
quality in use are general conceptsthat
can be applied to any system: hotels,
automobiles, or websites. In fact, a
website can a so be considered from an
internal point of view, i.e. from the
structure of the codeit is made of, and
this aspect is essential for those who
created or maintain it. It can aso be
contemplated from the point of view
of its external specifications, and this
is what the person who evaluate the
website is interested in when has to
decideif it can goonline. Finally, it can
be considered from the user’s point of
view, when g/he uses it in a specific
context to satisfy personal needs.

These simple exampl es suggest that
the definition of aquality model isnot
a simple matter. In the particular case
of software, the characteristics of a
quality model have been discussed for
more than thirty years. An 1SO stand-
ard exists which aims to define pre-
cisely the characteristics and sub-char-
acteristics of software quality, and the
way they can be measured. Even if we
have been inspired by this SO stand-
ardin some aspects, it isnot the model

adopted inthisarticle becauseitisvery
complex, and not particularly adapted
for websites, which are software sys-
temswith very peculiar characteristics.
In particular, our model does not looks
into the internal quality (i.e. the inter-
nal technical aspects of a website are
not evaluated), but only into the exter-
nal quality and the quality in use.

To introduce the quality model we
return now to the diagramin Figure 1,
which showsthe actorsinvolved inthe
production and management of a
website. Thefirst phaseisvery impor-
tant because it is where the objectives
of awebsite are established; obviously
itsquality can be evaluated only in re-
lation to these objectives. Once the
objectives are defined, every phase of
the work and the actors involved con-
tributeto thefinal quality of thewebsite
for specific aspects. Figure 3 presents
the 7 macro-characteristics on which
the proposed quality model is based
(architecture,  communication,
functionality, content, management,
accessibility and usability), shown be-
sidetheactivitieswhich contribute the
most to each characteristic.

The first characteristic, architec-
ture, is about the general structure of
thewebsite, and the navigation modal-
ity whichisavailabletoitsusers. It this
context it is applied here exclusively
to the informative architecture of the
website, which is how a website is
structured in relation to its informa-
tional contents, and not to its internal
software architecture. Internal quality
aspects are not of interest here, since
they do not deal with the model, as
explained previously. A website has
good architecture if its page organiza-
tionsisconsistent with its contentsand
if navigation is easy. This characteris-
tic has been indicated in Figure 3 next
to the web design phase, sinceitishere
that principal decisionsare madewhich
determine the general organization of
thewebsite.

The second characteristic, commu-
nication, unitesmany aspects. theclar-
ity of the website for communicating
its message, the consistency with the
corporateimage of thewebsite'sowner,
the appeal of the graphics, the
"relationship" established with the user.
Thevisual design phase aboveall (but
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Figure 3: Macro-characteristics of The Proposed Quality Model, including Their Main Activities.

not only) determines the
communicational quality of the
website, as shown in Figure 3.

Functionality is the third charac-
teristic considered in the model, and
consists in the set of functions the
website makes available for its users.
From this point of view, awebsiteisa
good onewhenit providestheuser with
the functions s/he requires, all the
functionswork correctly asfar as soft-
wareisconcerned, i.e. isis error-free.
To provide agood evaluation of func-
tionality, the main functions of the
website must be examined in detail and
rated for adequacy and correctness.
Good functionality derivesprincipally
from the correctness of the software
development activities, and therefore
this characteristic has been placed in
this area of the figure.

Thefourth characteristicisrelative
to the quality of the informative con-
tents of the website, considering all
points of view: reliability, updating,
comprehension of the contents, and so
on. The quality of the contents, asin-
dicated in Figure 3, essentially results
from the accuracy of thework done by
content editors.

The fifth characteristic regards to
management and measures the total
quality of the management work of the
website during its operations. aquality
website must me managed permanently
in order to guarantee its correct
operation around the clock. It examines
therefore the work quality of the
webmaster, of the professionalsin the
web farm and also of the Internet Ac-
cess Provider, since all of them must
directly or indirectly guarantee the per-
manent operation of the website.

The sixth characteristic is accessi-
bility, which coversthe aspectswhich
alow everyone to rapidly access the
website without problems. The Web, in
the vision of the World Wide Web
Consortium (W3C), intendsto guaran-
tee universal accessibility (including
users with disabilities), regardliess of
thetype of hardware or software being
used, of the network infrastructure, of
the language, culture, geographic
location, ... Therefore accessibility has
many facets. In order to correctly evalu-
ate accessihility, the following aspects
must be considered: accesstimeto the
website (which depends not only on
server efficiency and on the
infrastructures of the available net-
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works, but also onthe sizeand "weight"
of its pages), easy retrieving of
information, and ability to access
information through a variety of de-
vices, including those which allow for
comprehension by disabled users. The
accessibility of awebsiteis so aprod-
uct of the work done of many actors
and thisisthe reason why it it has not
been linked to any particular phasein
Figure 3.

Finaly, the seventh and last char-
acteristic of the model isthe usability
of awebsite, aterm which encompasses
al the elements that make a website
easy and pleasant to use. From the point
of view of the user, it is perhaps the
most important characteristic. It does
not haveitsrootsin any specific activity
but istheresult of the contribution from
all the actors involved in the
development and management of a
website. Because of thisin Figure 3no
particular activity has been associated
to it: al the activities contribute to
create usability. It is not independent
of the other characteristics: inacertain
sense, it summarizes and completes
them all. The other characteristics are
necessary but not sufficient to
guarantee agood level of usability. For
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example, if theaccesstime of awebsite
is very long, the usability factor will
certainly be modest. But it does not
mean that a website with bad access
time is usable. Likewise, a set of
completeand correct functions guaran-
tees good operation of a website, but
not necessarily good usability. Usabil-
ity will be tested during access by us-
ersin their specific context: each one
has specific traits and needs. Usability
is also, probably, the most neglected
web characteristic in practice, because
creating usable systemsisdifficult, and
requires paying particular attention to
the users’ needs. The culture of usabil-
ity isnot adequately diffused yet among
computer scientists, and websitestoday
often have serious shortcomings from
this point of view.

Figure 4 represents the proposed
quality model. In order to underlinethe
particular role of usability with respect
to other characteristics, it has been rep-
resented in the center of the schema.

In the evaluation of the quality of a
website, it is possible to assign amark
to each characteristic, and therefore
visualizein asynthetic form the "qual-
ity profile" of a website using a star
diagram. An exampleisrepresentedin
Figure 5, where the merits and defects
of awebsite can be immediately seen,

even if roughly. It is, so to speak, its
"report card". It is particularly advan-
tageous for its simplicity, with ascale
from O (which means very poor) to 4
(which means very good).

Representation through star dia-
grams can be very useful to compare
the quality characteristics of two
websites: it is enough to overlap their
diagrams, asin Figure 6.

4 The Sub-Characteristics of

The Quality Model

As already observed, the macro-
characteristics of the model have many
components. In order to evaluate and
assign a mark to each characteristic it
isuseful to further detail the model and
to decompose each characteristic into
simpler sub-characteristics, that can be
examined singularly. In this way, the
mark attributed to each macro-charac-
teristic can be calculated starting from
the mark attributed to each sub-char-
acteristic. In this case there are also
different possible choices. Experience
showsthat about twenty sub-character-
istics are sufficient to keep the main
quality aspects of awebsite under con-
trol, at least from the point of view of
the user.

It is achoice which showsin prac-
tice to be simple and at the same time

Accessibility

Architecture
Are the structure and navigation
of the site adequate?

Communication

Can the site be
sasily accessad
by everybody?

Management
Is the site
well managed?

Usabilit
Il sito & facile
da usare?

Dioes the site
achieve its
| communicational
objectives ?

Functionality
Are the Funictions
of the site adequate
and comect ?

Content
Is the information content comect and

adequate to the aims of the site?

Figure 4: Macro-characteristics of Our Quality Model for Websites.
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complete enough, as is represented in
Table 2. Here, each sub-characteristic
has been associated to a simple ques-
tion, which is answered during the
evaluation of the website.

As seen in the table, the sub-char-
acteristics express rather macroscopic
properties of the website, which can be
further decomposed into lower level
properties. For example, Tables 3 and
4 show the decomposition into sub-sub-
characteristics of two composite sub-
characteristics: Adequacy of the
Functionality, and Graphics of the
Communication.

The complete model cannot be pre-
sented here, for space reasons. Overall
it has about seventy questions [5],
which supply a very detailed guide to
the process of evaluation of awebsite.
These questions are used for every type
of website, independently of their scope
or complexity. If necessary other more
specific questions relative to the
specific applicative domain can be
added to these questions. For example,
for e-commerce websites, the question
"Arethe functions to make the needed
transactions adequate?' can be further
articulated asfollows:

m Arethefunctionsto select prod-
ucts to purchase adequate?

m  Arethe functionsfor the inser-
tion or modification of payment or ship-
ping data adequate?

m  Arethefunctionsto confirmthe
order adequate?

m  Arethe functions available for
the user to monitor personal informa-
tion and orders adequate?

m s the security of the transac-
tions managed in an adequate manner?

m Arethe processes for user reg-
istration simple?

m Isthe personal information re-
quired from users proportional to the
type of transaction?

5 Using The Quality Model

The quality model which has been
briefly presented in the previous pages
can be used in many ways. It can be
useful for performing arapid check-up
of awebsite to find the principal areas
which need improvement, with the
purpose of setting up an action plan. In
thiscase, it isnot necessary to perform
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Figure 5: Star Diagram Which Shows The Quality Profile of A Website in A
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a detailed analysis of individual
sections of the website since it will
probably be heavily restructured: it
would be a useless waste of time and
money. In other cases, the model can
be used to perform an in-depth evalua-
tion of the website, which examinesin
detail all its principal sections. For
example, this can be useful following
arestyling of the website, or various
mai ntenance interventionsin an already
stable and mature website, to verify that
the overal quality has not degraded.
Sometimes themodel can a so be used
to compare the website to other
competitors’ websites, to identify
respective strong and weak points.

In al cases, it is necessary to ini-
tially define our goals with accuracy,
to decide how to proceed and how long
and how many resources will be used
for thistask. An evaluation done with-
out a clear definition of the methodol-
ogy would in fact have therisk of pro-
ducing results which are not very sig-
nificant.

Thefinal result of the evaluation of
awebsiteisusually adocument called
"evaluation report". Briefly speaking,
it contains a description of the
objectives of the work done and the

methodology used. It then presents an
analysis of the quality characteristics
of thewebsite, and the synthesis of the
results obtained: the strong and weak
pointsof thewebsite. Finally, the docu-
ment concludes with a series of pro-
posals for improvement, inspired and

motivated by the analysis. The docu-
ment does not need to be very long, in
practice what actually mattersisthat it
coversall the necessary material tojus-
tify and adequately support the im-
provement actions proposed.

The definition of the metrics to be
used for the evaluation of the different
characteristics is an important aspect.
Usually in the evaluation of a specific
website not all the sub-characteristics
of the model are given the same im-
portance. Some characteristics could
even be considered irrelevant, as for
example the localization of a website
which is intended only for a single
country. Therefore in function of the
website objectives, it is useful to as-
sign aweight to each sub-characteris-
tic, showing the importance assigned
to it in the evaluation. This way, the
value of each characteristic can becal-
culated as "weighted average" of the
values assigned to for each sub-char-
acteristic.

Theexamplein Table 5 explainsthe
method. Each sub-characteristic has
been assigned aweight, expressed with
anumber between 0 and 1. The value
0 is associated to the sub-characteris-
tics irrelevant for the website being
analyzed, and therefore they do not
contributeto thefinal value. Instead the

Content

Usability

Architecture

Communication

" Functionality

Figure 6: Star Diagram Which Allows for The Comparison of Quality Profiles

between Two or More Websites.
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Characteristic

Sub-characteristic

What we should we ask?

Architecture Structure Is the informative structure of the website adequate?
Site map Is there a site map of the website which clearly
represents its structure?
Navigation Is the navigation of the website adequate?
Communication Home page Does the home page clearly communicate the
objectives of the website?
Brand image Is the website consistent with the brand image?
Graphics Are the graphics of the website adequate?
Functionality Adequacy Are the functions of the website adequate?
Correctness Are the functions of the website correct?
Contents Categorization/labeling | Is the information classified in an adequate manner?
Style Is the style of adequate for the website?
Information Is the information adequate, pertinent, reliable, and
updated?
Localization Is the website correctly localized?*
Management Availability Is the website always on and available?
Monitoring Is the use of the website adequately monitored?
Updating Is the website constantly updated and improved?
Relationship with users | Is the relationship with users adequately supported?
Accessibility Access time Is the access time adequate?
Easiness to be found Is the website easy to find?*
Browser independence | Is the website accessible with every browser?
Accessibilty by disabled [Is the website usable by users with disabilities?
people
Usability® Effectiveness Can the user obtain the desired result in an accurate
and complete way?
Efficiency Is the effort requested from the user to obtain the

desired result acceptable?

User satisfaction

Is the website comfortable and well accepted well by
the user?

! This sub-characteristic examines multi-language websites, and deals with the correct trandation of the informational contents, taking into
account not only the linguistic differences between different countries (currency, measurement system, different conventions, etc.).

2 This sub-characteristic summarizes essentially three very important aspects which can contribute decisively to the success of awebsite, and
therefore should be managed carefully: the mnemonics of the URL of awebsite (Is the name of the website easy to remember?); the ranking
in search motors (Is the website easy to find with the most popular search engines?); the popularity of the website (1s the website adequately

referenced by other websites?).

8 The sub-characteristics for usahility have been identified according to the 1SO 9241 standard, which defines usability as "the effectiveness,
efficiency and satisfaction necessary for usersto reach precise objectivesin a precise use context”. In this definition, effectiveness means "the
accuracy and completeness necessary for users to obtain the desired results’; efficiency it means "the resources spent to obtain this result”,
and satisfaction is “the comfort and acceptance of the system by the user” [3].

Table 2: Characteristics and Sub-characteristics of The Proposed Quality Model.

value 1 is associated to the most im-
portant characteristics. For example, in
the evaluation of the Architecture, we
have given the highest importance (1)
to Structure and Navigation, and an
average importance (0.5) to the site
map. Since the values attributed to
Structure, Site map and Navigation are
respectively 3. 2and 3 (on ascalefrom
0to 4, like we did for the macro-char-
acteristics), the total value (weighted)
for the Architecture will be obtained
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from the following calculation:
(3*1+2*05+3*1)/25=2.80

Thevaueishigher than thesimple
arithmetic mean of the values of the
sub-characteristics (2.67). In fact, the
site map, which received a rather low
value (2), has alower weight than the
other sub-characteristics.

As seen previously, the overall
evaluation of the website can berepre-

sented by astar diagram, likein Figure
5, which is relative to the example in
Table 5. It can be aso worthwhile to
see the evaluation of the sub-charac-
teristicswith astar diagram. For exam-
ple, thediagramin Figure 7 represents
the evaluation in Table 5.
ThediagramsinFigures5and 7 give
afairly precisevision of the physiognomy
of the website, of its strong and weak
points even if we do not know anything
about it. They are somewhat like the
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What we should ask

Are the functions available for website editors for the insertion

and updating of the informative contents during its life

Sub- Sub-sub-
characteristic characteristic
Adequacy Content

Are the functions of | Management

the site adequate?

adequate?

Transactions

Are the transaction functions adequate?

Search

Are the tools for searching information adequate?

Error

management

Are user errors handled adequately?

Communication

Can the user contact the website manager adequately?

Table 3: Decomposition of Sub-characteristic Functional Adequacy into Sub-sub-characteristics.

resultsof theanadysisof aclinica check-
up, when the doctor reaches his
conclusions without knowing anything
about the patient’slife.

In order to demonstrate our claim,
let ustry to analyze the datain the ex-
ample. We can see from Figures 5 and
7 that the website being observed is
excellent from a functional point of
view, it has good contents (but it could
be improved in classification and la-
belling), it has good graphics (but the
coherence with the brand could beim-
proved). The management is only sat-
isfactory: in fact the availability of the
website could beimproved (perhapsthe
servers are unstable) and also the
quality of the updates (Is there obso-
leteinformation?), and access monitor-

ing tools are not used. The website is
not accessible by the disabled, but this
was not an objective (theweight attrib-
uted to thischaracteristicisonly 0,25).
The overall usability could be im-
proved (the value of effectiveness, ef-
ficiency and user satisfactionisonly a
mediocre 2). This does not seem to be
caused by important structural prob-
lems (the structure and the navigation
are good), but is probably due to a se-
ries of microfactors which together
make the total value lower.

These factors must be identified
carefully by analyzing the usability
problems which emerged during the
evaluation in order to discover where
users had the most difficulty. It seems
that these most critical pointsarelikely

What we should ask

concentrated in thelabelling (which has
a low evaluation). Perhaps the low
importance given to the site map (only
0,5) should bereconsidered, asit could
be improved.

These numbers seem to tell usthat
we are dealing with awebsite with sev-
eral positive characteristics, with weak
pointsfrom the point of view of usabil-
ity, which nevertheless could be
improved without big structural
changes or functiona additions, and
whose management we definitely need
to improve. The brand consistency
problem must presumably be further
analyzed by communication depart-
ment of the company. When the fina
synthesis, the evaluators obviously
must not go forward blindly asin the

adequate?

Are the functions available for website editors for the insertion
and updating of the informative contents during its life

Are the transaction functions adequate?

Are the tools for searching information adequate?

Are user errors handled adequately?

Sub- Sub-sub-
characteristic characteristic
Adequacy Content
management
Are the functions of
the site adequate?
Transactions
Search
Error
management
Communication

Can the user contact the website manager adequately?

Table 4: Decomposition of Sub-characteristic Graphics into Sub-sub-characteristics.
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Characteristic Mark Weight | Weighted value
Architecture 2.67 2.50 2.80
Structure 3 1 3
Site map 2 0.5 1
Navigation 3 1 3
Communication 3.00 3.00 3.00
Home page 4 1 4
Brand image 2 1 2
Graphics 3 1 3
Functionality 4.00 2.00 4.00
Adequacy 4 1 4
Correctness 4 1 4
Contents 3.00 4.00 3.00
Categorization/labeling 2 1 2
Style 4 1 4
Information 3 1 3
Localization 3 1 3
Management 2.67 4.00 2.00
Availability 2 1 2
Monitoring 1 1 1
Updating 2 1 2
Relationship with users 3 1 3
Accessibility 2.50 3.00 2.92
Access time 3 1 3
Easiness to be found 4 1 4
Browser independence 2 0.75 0.25
Accessibility by disabled people 1 0.25 0.25
Usability 2.00 3.00 2.00
Effectiveness 2 1 2
Efficiency 2 1 2
Satisfaction 2 1 2

Table 5: Example of Evaluation of A Website. (The evaluation of each characteristic corresponds to the
average weight of the evaluation of its sub-characteristics on a scale from 0 to 4.)

examplejust examined, wherewe have
only considered the numbers. They
will arrive at their conclusions after
carefully analyzing the website in
detail, and having discussed it with a
sample of users. Even if the values
attributed by them to the many
characteristics will be subjective by
nature, they will know very well the
defects and merits of the websit. The
resulting diagnosis will therefore be
rather reliable.

5 Conclusions

Thisarticle has presented, though
very synthetically, aquality model for
websites, which evaluate both exter-
nal quality and quality in use. This
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model has been experimented and
improved on over several years,
initially and essentially for
educational purposes, to help
studentsin university courses taught
by the author to develop a global
ability of critical analysis. In particu-
lar it has been used in order to do
rapid check-ups and in-depth evalu-
ations of the quality of numerous
websites of every level of complexity,
ranging from simple informational
websitesto e-commerce websites and
large portals.

The main merit of the model con-
sists in the fact that it is based on a
vision of the development and man-
agement process of a website, as

depicted in Figure 3. In thisway the
improvement proposals which arise
from the evaluation of awebsite can
be easily sent to the different
categories of participants involved.
Another significant merit is its
simplicity: it can also be used by
people who do not have particular
technical competencies about web
technologies. Furthermore, the
methodol ogy can be easily upgraded:
it can be used to do quick informal
check-ups of awebsite (inavery lim-
ited amount of time: afew work days)
or in-depth evaluations, which in-
volve sophisticated analysis and
usability tests.

Numerous examples of the use, by
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Access time
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Figure 7: Star Diagram of The Values Attributed to The Sub-Characteristics of
The Example in Table 5.

computer science university students,
of this methodology for the evaluation
of Italian websites are available at
<http://www.ilcheckupdeisitiweb.it>, a
website managed by the author.

Trandation by Julia Weekes

References

[1] S.Krug. Don't Make MeThink —A

common sense approach to Web

Usability, Que, 2000.

[2] ISO/IEC 9126: Information Tech-
nology — Software Product Evalu-
ation — Quality Characteristicsand
Guidelinesfor their Use. 1991 and
2000.

[3] 1SO 9241, Ergonomic requirements
for office work with visual display
terminals.

[4] J. Nielsen. Designing Web Usabil-
ity, New Riders Publishing, 2000

[5] R. Polillo. 1l check-up dei siti web,
Apogeo, Milano, 2004.

[6] L. Rosenfeld, P. Morville. Informa-
tion Architecture for the World
Wide Web, O’ Reilly & Associates,
1998 and 2002.

78 UPGRADE vol. vi, No. 5, October 2005 © CEPIS





