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GLOSSARY

ECG Electro Cardio Gram

GPRS General Packet Radio Service

MDTP Medical Data Transmission Protocol

PBS Personal Base Station

QoS Quality of Service

UMTS Universal Mobile Telecommunication System
UuwB Ultra Wide Band

VR Voice Recognition

WLAN Wireless Local Area Network

WPAN Wireless Personal Area Network
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1. INTRODUCTION

The U-R-SAFE project (http://ursafetesa.prd.fr/ ) amed at developing a telemedicine
concept for medical care of elderly people and a technology platform, which enables patients
to be treated and monitored at home.

A significant effort has first been devoted, in the very the first phase of the project, to
medical procedures and guidelines to be formed ; these procedure have been later validated
by testing them in practice in a hospital environment as well as in a home and outdoor
environment. The achieved results, which include information on parameter monitoring,
alarm generation, medical assistance, patient selection, etc., has served as a basis of a
technological system specification for the technology platform.

The concept is to have the elderly person wear medical measuring devices, all connected via
short range Wireless Persona Area Network (WPAN) to a central, portable electronic unit,
the Personal Base Station. The short range wireless connection has been achieved using the
Ultra Wide Band technology. This allows to:

« Receive and preprocess the measured medical data, which have been sent from the
measuring devices

«  Send the pre-processed data to the external service:

+ Viathe best available wireless public Network (GSM, GPRS, and/or GEO satellites),
when the elderly person is out of home.

« Via the Fixed Access Network (e.g. telephony, cable, wireless), when the elderly
person is at home.

« Communicate with simple sentences with the patient and extract information,
(particularly valuable in emergency situations).

« Establish direct and hands-free communication between the patient and the externd
service and /or a medical doctor through the best public network (wireless or fixed
access), when thisis required.

In the U-R-SAFE configuration, two Wireless Networks are be interconnected (e.g. indoor
situation) The first is the Wireless Persona Area Network (WPAN) worn by the person. The
second is the wireless indoor LAN, installed in the house or Hospital, which allows the
Personal Base Station to communicate via a Gateway to the Fixed Access Network using
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radio waves. Among the question solved by the consortium is the seamless transmission of
sensible data through very heterogeneous networks and channels.

A field trial has been organized within the project including two campaign, sized to
demonstrate the functionality of the complete system. The trial has been done using in the
today available standards: GPS, GPRS and DVB-RCS. A provision has been made in the
design to be upward compatible with UMTS, whence this standard is available.
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2. PROJECT OVERVIEW

This section deals with the presentation of the whole consortium involved in the U-R-Safe
project as well as the main achievements brought by the project.

2.1. CONSORTIUM

________________________________________________________________________________________________|
Universal Remote Signal Acquisition for health W-
R

The Consortium [Fmm

with expertise
in Telemedicine

Commercial
Exploitation
in Telemedicine

Commercial
Exploitation

. . SPACE
in Technological
Support

1ST-2001-33352

Figure 1 : the U-R-Safe consortium
The consortium is composed of partners from a broad spectrum of fields covering a

competence area suitable for caring out the project: telemedicine, medicine,
telecommunications, signal processing and speech recognition.

2.1.1. INSTITUT NATIONAL POLYTECHNIQUE DE TOULOUSE (INPT)

INP de Toulouse is a French federation of 3 Higher Engineering Schools (Grandes Ecoles -
ENSAT, ENSEEIHT, ENSIACET) providing education/continuous education and
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conducting research in the fields of Agronomy, Chemical Sciences, Electronics, Electrical
Engineering, FHuid Mechanics, Computer Sciences, Telecommunications, Signal and Image
Processing, Chemical Engineering...

The joint Laboratory in Space and Aeronautics Telecommunications (TESA), which is based
within INPT, is providing the administrative and scientific management for the project.

In addition, INPT is providing its expertise in biomedical signal processing by developing a
software used for detecting anomalies in ECG. The software packet includes actual
Biomedical Signa Processing, analysis software and pre-processing software. This pre-
processing software can be necessary since it helps “cleaning” the signal before the
autonomic analysis. It can aso be applied to help the experts to clean the artifacts or retrieve
missing samples at the medical center.

2.1.2. ALCATEL SPACE

Alcatel Space is today one of the World's leaders in space systems. The range of the
Company's know-how finds its perfect complement in Alcatel Space's capacity to build
innovative solutions for all sectors of the satellite industry : telecommunications, navigation,
optica and radar observation, meteorology, environment, sciences; and, for both civil and
military applications.

Alcatel Space has provided its expertise for the technical management of the U-R-safe
project being the leader of the WP5 in which the U-R-Safe network equipment has been
designed, manufactured, integrated and validated. Alcatel Space has provided the
residential/hospital gateway and satellite access network through which the medical data can
be sent to the medical data server either using a fixed access network or a satellite network.

2.1.3. CARD GUARD

Card Guard is a leading medical technology company specialized in advanced telemedicine
systems. These systems are devoted to a large class of patients: from high-risk and
chronically-ill patients to ordinary consumers of health products. Card Guard's telemedicine
systems provide a total solution to health care providers seeking to balance quality of care,
rising costs of treatment and shrinking budgets.

Card Guard was responsible for the WP2 of the project. As aleader of WP2 , Card Guard has
been intensively involved in the design, manufacture and integration of the U-R-SAFE
System. Card Guard was responsible for the design and manufacture of the Medical Sensors.
Card Guard has provided the project with fully integrated ECG and SPO2 sensors and has
been involved in the integration of the sensors with the SW and ECG Algorithms of the U-R-
SAFE
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2.1.4. TELETEL

Teletel is a leading, independent, high-technology company, committed to offering
innovative solutions to customers, setting industry standards, and delivering a wide range of
tel ecommuni cations products.

Teletel plays a prominent role in the field of communications by specializing in the leading
edge areas of

* Telecommunications * Research and development
* Hardware design and implementation * Embedded systems
» Software, protocol subsystems e Audio-visual communications

Teletel has been involved in the designing and the manufacturing of U-R-Safe's
telecommunication architecture. More precisaly, they have provided the GPRS infrastructure
which will help the patients to gain better mobility and also the main parts of the medical
server including the internet access server, database server and the GUI for accessing the
medical data.

2.1.5. TELISMA

TELISMA is a company created by spinning-off the activities of France Telecom Research
and Development (FTR&D, formerly known as CNET), in the area of speech recognition. A
software editor, Telisma designs, develops and sells speech recognition software for use in
telecommuni cations and enterprise speech-enabled applications.

Telisma has provided the project with the Speech Recognition application which is the main
user interface of the Personal Base Station (PBS). The front end of the Speech Recognition
application resides in the PBS and the back end can be found both in the residential gateway
and in the medical server.

2.1.6. CORPORACIO SANITARIA CLINIC (CSC)

CSC, Corporacié Sanitaria Clinic (Clinic Health Corporation), based in the Barcelona ares, is
a public organisation that includes three Hospitals (Hospital Clinic, Casa Maternitat and
Hospital Sant Joan de Deu), several Primary Care Units (Gesclinic), one Biomedical
Research Foundation (IDIBAPS) and two companies devoted to Transplant Services
(Criobarnaand Transplant Services Foundation).

CSC aims to provide both high-technology services (such as transplant programs) and real
continuity in conventional healthcare to patients, with the best cost-benefit ratio.

In this respect, CSC has focussed its interest in the research, development and
implementation of new and more effective models of healthcare provision, with a clear
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patient-centred vision and on the basis of providing areal continuum of care. This approach
is in alignment with the recommendations of international bodies (WHO 2001, Non-
communicable diseases) and national authorities (Pla de Salut de Catalunya 1999-2001,
Catalan Health Service).

In the U-R-safe, CSC was responsible for the initial medical specification being the editor of
the D1 where the medical and technical specifications were laid down. In addition CSC has
provided medical expertise in the process of the architecture design and has played a major
part of the evaluation of the U-R-Safe platform hosting one of the two field trial sites.

2.1.7. CENTRE SUISSE D'ELECTRONIQUE ET DE MICROTECHNIQUE SA (CSEM)

CSEM is an applied research and development company involved in the design and
development of micro- and miniaturised systems for industry. It has 370 employees (mainly
engineers and scientists) on two sites (Neuchdtel and Zurich in Switzerland). The main
technical areas are the following:

¢ design, development and manufacturing of microstructures made on Silicon (micro-
Sensors, micro-actuators, micro-structures, etc.). CSEM is member of the
EUROPRACTICE network,

¢ design of very low power integrated circuits,

¢ design and development of specific solutions for micro-optics, micro-imagers and bio-
SEnsors,

¢ system engineering.

CSEM has provided the project with their expertise on Ultra Wide Band (UWB) technology.
The Wireless Personal Area Network (WPAN) and Wireless Local Area Network (WLAN)
have been deigned and manufactured by CSEM. Moreover, they have developed in the
process different kinds of antennas and interface cards to suit the needs of the U-R-Safe
architecture. CSEM has also provided the PBS equipment and has played a major part in the
integration of different componentsin the PBS.

As a leader of WP9, CSEM has been intensively involved in exploitation and in
dissemination within U-R-Safe.

2.1.8. EUROPEAN INSTITUTE OF TELEMEDICINE (IET)

The Ingtitut Européen de Télémeédecine (IET) was founded on July 10th 1989 at the
University Hospital of Toulouse by the Université Paul Sabatier under the aegis and support
of the European Communities. Its mission is to promote and foster the development and the
use of any technical means and methods facilitating remote medica practice. Its aim is to
improve the quality of health care through the optimal use of technical means and medical
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sKills. The Institute fosters the setting-up of training, research and care networks. It
encourages collaborative project studies and the implementation of Community programs
which gives it a European scope through ongoing exchanges with its various E.C. partners.

IET was one of the two trial sites in the U-R-Safe project. They have participated in the
medical specifications and given medical expertise when the U-R-Safe architecture was
being designed. They have also been the major player in the dissemination process and
editorsin several deliverables (D7, D11, D13).

2.1.9. TAM-TELESANTE

TAM-Télésanté was created in beginning 1995, with a capital of 120.000 F, it is devoted to
the development and the evaluation of solutions of telemedicine, specialy for tele-
monitoring and for persons in risky situations. The turn over in 1999 was 1 963 000 F, with a
profit of 20.000 F.

The customers are various : small companies, big company dealing with French army,
Associations linked to Health, Ministry of Research and Technology, French National Space
Agency (CNES), International Pharmaceutical Industry.

The competence and excellence of TAM-Té ésanté arein:

- design of systems for acquisition, transmission and processing of physiological data, mainly
for ambulatory situations.

- put in production and use of these systems.

In the U-R-Safe project, TAM has given their medical expertise in the design face as well as
being responsible of organizing the trials. They have also acted as editors in the Feld Trial
Report (D8).

2.2. MAIN ACHIEVEMENTS

U-R-Safe created a telemedicine service concept and a technology platform to mainly in a
“quasi-normal” life elderly patients suffering from respiratory and/or cardiovascular
pathologies. With the help of this platform, patients can be discharged earlier and eventually
followed-up and treated at home.

The platform includes sensors for monitoring vital signs such as respiratory rate, heart rate,
oxygen saturation and ECG in addition to a fall detector and a speech recognition
application, which will give additional information on the patient's condition. If the condition
of the patient is deteriorating, an alarm will be raised and all the monitored data will be sent
to a monitoring centre.

The Speech Recognition Engine uses DSR approach (Distributed Speech Recognition) which
provides state-of-the-art speech recognition capabilities for mobile devices while minimising
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the processor and memory requirements normally associated with speaker-independent,
unlimited vocabulary, continuous speech recognition systems.

The body network worn by the patient is connected to the wireless home network using new
technology called Ultra Wide Band (UWB). If the patient is not at home, a wireless public
network (GPRS) connection is used for communicating with the monitoring centre. Also a
satellite network can be used if no other type of network is available.
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3. PROJECT OBJECTIVES

Following objectives were defined before the start of the project. These objectives can aso
be found in the Annex | of the contract divided in three groups:

Global objectives:

This project has as an objective to bring the medical procedures and related technological
background to allow Convalescent, Elderly, Patients and Disabled in Europe to be treated
and monitored at home and therefore contribute for:

» Improved Quality of Life (including Mobility) without any Security compromise

* Control of Exploding Health Costs

To support the transition to the new paradigm in an efficient manner, this project aimsto
develop:

A new —global- telemedicine service concept for medical care of elderly people at home for
regular follow-up and emergency situations,

A technology platform with all the appropriate hardware and software tools to support the
aforementioned service.

Objectivesfor Technology platform:

1.

The sensors have to be al connected via short range Wireless Persona Area Network
(WPAN) to a central, portable electronic unit, the Personal Base Sation. The short
range wireless connection has to be done using the Ultra Wide Band technol ogy.

Data from the sensors are sent to the medical center via the available wireless public
Network (GSM, GPRS, and/or GEO satellites), when the elderly person is out of home —
in particular the use of the Eutelsat system is planned.

Data from the sensors are sent to the medical center via the Fixed Access Network (e.g.
telephony, cable, wireless), when the elderly person is at home.

Communicate with simple sentences with the patient and extract information,
(particularly valuable in emergency situations) and establish direct and hands-free
communication between the patient and the external service and /or a medical doctor
through the available public network (wireless or fixed access), when thisis required.

The Wireless Personal Area Network (WPAN), instaled in the house or Hospital,
allows the Personal Base Station to communicate via a Gateway to the Fixed Access
Network using radio waves.

A commercia miniaturized ECG sensor will be integrated with the wireless platform.
On top of that, a SpO2 sensor has to be integrated with the present technology. The
third sensor to be integrated in the platform is the speech itself, which is considered as
an important source of information: thanks to alocal dialog between system and patient,
information can be gathered in complement to the data measured by the various sensors.
These sensors have to be adapted to the present scope, bearing in mind that they are
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7.

likely to be worn for months or even years (non-invasive, harmless, ergonomic, etc.).

A field trial has been organized within the project, sized to demonstrate the
functionality of the complete system. The trial will be done with various available
standard (as quoted above) ; the whole platform has benn designed to be upward
compatible whence UMTS is operational.

M edical procedurestesting:

1.

The consortium has to developed the structure of the externa service backing the home
care of the elderly people. This structure involves all the necessary organizational
matters (which type of service, which type of people and, how specialized, which
density of local service relays, etc..).

The medical procedures has to be fine tuned (how many persons, how many days, which
parameters to monitor). Technology providers have then to program the tools to fit the
medical requirements.

The medical procedures has to be tested on two series of subjects, each one of two series
of ten subjects. One series of patients being located in Hospital Environment; in a
second one, the patients will be monitored at Home. The actual objective, as set by the
Medical Board of the project is to realize two monitoring campaigns each of two sets of
monitoring. The first campaign will be realized on patients with only cardiac pathology.
This approach allows to validate the medical procedures and the supporting technol ogy.
The second campaign will focus on patients with a double pathology: respiratory and
cardiac pathology. This allows to validate the versatility and flexibility of the procedures
and the underlying technology. The first campaign has to be held in the city of Toulouse
and the second in the city of Barcelona. The patients in Toulouse will be followed up by
the monitoring centers of the European Institute of Telemedicine. The patients in
Barcelona have to be monitored within the environment of the Clinic.

4. TheMedica Board of the project has to conduct evaluation of the results.

It is the objective of the consortium to largely disseminate the results and seek
constructive criticism from the medical world, even during the last phases of the project,
in order to optimize the medical procedures and, if required fine tune the technology
tools, which will serve the medical needs. The European Institute of Telemedicine
organizes International Conferences on this topic; such conferences are excellent
dissemination vehicles.
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4. APPROACH FOLLOWED TO ACHIEVE PROJECT
OBJECTIVES

The U-R-Safe project has checked regularly the progress and the technological approach
against the objectives and changed if necessary its approach. It has also taken into account
the advise given by the pier-reviewers and the comments made by the reviewers.

The project has tried to follow the objectives set before the beginning of the project. The
most of the objectives have been reached and the approach is documented in this chapter.

Global objectives:

At the beginning of the project, a set of guidelines were developed for the telemedicine
concept to treat elderly and convalescent patients at home. These were documented in the
D1- "System Specification and Medical Procedures’. When the project was advancing, the
concept was continuously enhanced and documented in D7a - an interna document.. The
approach taken was an optimization process where the results were enhanced in cycles when
more information was available.

The technology platform was developed also in several phases. First specifications were laid
down in the D1. Then when the global design was in place, the design of the different
components started. Several times during the design phase, the objectives were revisited and
the medical experts were consulted. The platform was evaluated in medical trials and
modifications were suggested..

Objectivesfor Technology platform:

1. The WPAN was implemented using UWB technology. The PBS is connected wirelessly
to two sensor modules (SPO2 and ECG/fall detector) using a unidirectional connection
from sensors to PBS to economize the use of batteries of the sensors. One radio link
(433MHZ) form PBS to ECG was added to enable the PBS to request for a ECG
sequence. The requirement to have a bi-directiona link was added later and the radio
back link was considered as a best option in order to keep the size of the sensors as well
as the power consumption smaller.

2. The PBS is connected via GPRS or GPS to the medical center which allows patients a
large mobility. A decision was made about five months after the start of the project that
UMTS was not going to be implemented within U-R-Safe. It was foreseen that when the
trials should take place, no commercial UMTS network would be available at that time.
However, the migration to the UMTS at the later state is possible and has been taken into
account when designing the GPRS interface and the protocol used for transmitting
medical data. The DVB-RCS satellite network is deployed by connecting the satellite to
the residentia/hospital gateway making it available within the WLAN coverage. The
documentation of GPRS and satellite connections can be found in the D1.

3. Two types of fixed network connections are supported: PSTN modem or ISDN terminal.
They are connected to the residential/hospital gateway and can be used when the patient
iswithin the reach of the WLAN.
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4. The Voice Recognition (VR) application has been developed to enable to verify the
condition of the patient, the genuineness of the alarm and to give instructions to the
patient. The approach taken was to use the Distributed Speech Recognition (DSR) system
which allows better quality results when voice needs to be transmitted over a
communication link where QoS can be limited. In the U-R-Safe architecture, the front
end of the application is placed in the PBS and the far end implemented both in the home
gateway and in the medical server.

5. The Wireless Local Area Network (WLAN) using UWB technology is developed to
enable the PBS to communicate with the medical server via the residential/ hospital
gateway. The WLAN consist of an access node which can provide only 1-2 meters of
coverage due to the current regulation.

6. Two sensor modules were created in the project. The SPO2 sensor module consist of a
SPO2 sensor and a UWB interface module in a plastic casing. The ECG sensor module
has, in addition of a ECG sensor and a UWB interface module, a fall detector card
(developed by University of Grenoble in France) and a radio interface (433MHZ). A
biomedical signal processing software was developed in the project to detect anomaliesin
the ECG. The software is documented in the D3 - "Signal processing software and test
report” and the D3b -" Signa processing test report” and the hardware in the D2 -"
Medical monitoring subsystems with wireless connectivity".

7. A field tria was organized in Toulouse and in Barcelonato validate the technical design.
The results are summarized in D8.

M edical procedurestesting:

1. The project has developed a medical service concept in severa phases (see Global
objectives above).

2. The concept has been fine tuned twice and the technical team has taken a full advantage
of the guidelines of the medical team.

3. The field trial has been organized in two locations - first in Toulouse and then in
Barcelona. Between these trials there was no opportunity to make big modifications to
the equipment simply due to alack of time.

The D8 -" Field Tria report” containsthefield trial results and the evaluation of the results.

4. The U-R-Safe project has participated in several conferences (See chapter 6) where there
has been an opportunity to disseminate information on U-R-Safe and also receive
feedback. The project has also organized a Concertation Meeting on Home Health Care
where 11 projects participated .
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5. PROJECT RESULTSAND ACHIEVMENTS

The U-R-Safe project addresses the growing need for efficient home care by bringing
medical procedures and a related technologica platform to alow patients to be treated and
monitored at home. With the U-R-Safe platform patients Quality of Life can be improved
without compromising their security. In addition, the U-R-Safe project is also addressing to
exploding health expenses by reducing expensive hospital days.

The U-R-Safe project contributes to the IST objectives by providing a service concept which
can be used anywhere by patients needing continuous monitoring. Full mobility is provided
by seamless interconnection between a body network formed by the sensors worn by the
patient, a wireless home network, a public wireless network, a fixed access network and a
satellite network. In addition, U-R-Safe is focusing on creating a user-friendly man machine
interface using speech recognition, which allows patients to interact with the monitoring
application in the most natural way possible.

The project designed, manufactured, integrated, tested and validated a platform to be used for
monitoring patients who need more or less constant monitoring for they safety. These
patients would normally spend longer time in hospital but with the help of U-R-Safe
architecture they can be let to go home and live a norma life. The most important
achievement was the actual architecture and the results from the field trials. Indeed, the field
trials have validated the architecture and helped to propose how the platform or part of it
could be used in the future and how the prototype could be developed further. Following
parts of the architecture could be identified as the main achievements:

* Innovative use of Ultra Wide Band (UWB) technology for Persona Heath Care
applications:

The project developed two types of UWB networks: WPAN - a short range network
to be used between medica monitoring equipment and WLAN -a longer range
network used for connecting monitoring equipment to a gateway where access can be
provided for afixed or satellite network.

Within the project severa types of antennas where developed to find an optimal
solution for ECG sensors worn on a belt and wrist-worn SPO2 sensors as well as for
the PBS and for access points. For the sensors an interface card was developed which
has a low energy consumption and small size. The PBS and access points have more
available computer power and energy, hence more powerful S/'W modules were
designed and implemented

* Intelligent hand-over between WLAN and public network (satellite, GSM, GPRS, fixed
network)
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To alow a patient to have more mobility and without sacrificing any monitoring
capability, an automatic hand-over mechanism was developed in order to choose the
best available network. The PBS can intelligently decide over which network to send
the data or connect to the server depending on the location of the PBS, availability of
the networks or urgency of the connection. For example, if sensors have detected a
low SPO2 value and there is no existing connection, GPRS will be used sinceiit is the
fastest way to raise an alarm.

* Readl-time physiological data transmission over GPRS ensuring continuous monitoring
with full mobility.

The U-R-Safe project integrated in the PBS an interface to the GPRS network. A
protocol, Medical Data Transmission Protocol (MDTP), was developed over which
the medical data can be sent reliably. The security features are incorporated using
OpenSSL.

For the medical center, a database was developed were the monitored data as well as
information on patients can be stored. Also a GUI was designed so that the medical
experts could have a tool to view the alarms, monitored data as well as other useful
information on patients.

» Satellite used for medical monitoring

In order to gain access to the medical center in the remote locations such as in the
mountains, in the wilderness or out in the sea a satellite connection was incorporated
to the U-R-Safe architecture. A fixed gateway was designed where either a satellite
or fixed network ( for example phone network) can be used together with the WLAN
to alert the medical center if an alarm was detected by the sensors.

»  Speech recognition used as an user interface

The U-R-Safe chose the voice user interface for the PBS since it was seen as the
easiest man-machine interface that also computer illiterate and technology-phobic
users could feel conformable with. The state-of-the-art Distributed Speech
Recognition (DSR) system was used to create areliable way of verifying if the patient
was in distress or to give instructions to the patient. The front-end of the system is
located in the Personal Base Station (PBS). The Back-end is located in the gateway at
home and in aserver at the service center.

Also a multi-lingual option was added. This means that although the instructions are
given in one language (for example in Spanish), the person can respond using several
languages (for example in Spanish or in Catalan).

» Biomedical Signal Processing application for monitoring

There were two sensor modules developed for the trial: the ECG/fall detection
module and SPO2 modules. The sensors relied on a biomedical signal processing
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application developed by the U-R-Safe team. The main part of the software was
designed to detect anomalies in ECG signals including seven pathological rhythmic
conditions defined by the project medical team. Other parts of the software are used
for filtering the noise and other artifacts from the ECG, for compression, providing
additional data protection or re-creating lost samples at the medical center.

» Thisis a breakthrough in the field of sensible biomedical signal transmission over
unreliable links: S’'W tool has been designed to help a non-specialized user to
parameterize the signal pre-processing, packeting for transmission, and restoration at
the end-user side, and tailor them to heterogeneous links and networks, just knowing
the packet loss statistics of the global link .Field Trials

From atechnical aspect point of view,

- Thefeasibility is demonstrated,

- Anaog line and ISDN line have shown a high level of reliability (especially for
ECG transmission,

- Satellite transmission has been investigated . Some data are lost during transmission
(often described as holes by the MD). The Signal Processing agorithms help in the
restoration of the minimal information needed for medical diagnosis and therapeutic
decision.
From amedical viewpoint, a sound first analysis of the major aspects have been delivered:

- Patient side:  Human body integration constraints

- Doctor side: requested reliability of signal transmission, to define the acceptability
threshold by the medical teams (end users).
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6. DELIVERABLESAND OTHER OUTPUTS

The U-R-Safe project produced severa technical and management-related deliverables. All
of the deliverables are listed in the table below in the order they were due to be delivered to
the commission. In addition, small summaries are provided for the technical deliverablesin
order to give the reader a better idea what was done within U-R-safe and how it was
organized in terms of deliverables.

At the end of the chapter, alist of publications related to U-R-Safeis given. Most of these
publications are available on the U-R-Safe internet site http://ursafe.tesa.prd.fr/.

6.1. LIST OF DELIVERABLES

Inthelist below all of the contractual deliverables are listed in the order which they were due
to be delivered. Thereal delivery dateis given in thelast column. There were also number of
internal deliverables which were not al part of any contractual deliverable. Hence alist of
internal deliverableisalso given.

6.1.1. CONTRACTUAL DELIVERABLES

Name of the deliverable Due | Typeof | Responsible | Ddlivery date
month | deliver
able
D12 | Project Presentation 3 R INPT 04.06.2002
D16 | Quality Assurance Process 3 R INPT 04.07.2002
D1 | Medical Proceduresand System 3 R CSC 12.07.2002
Specification

D14 | Quarterly report INPT 27.06.2002

D17 | Consortium Agreement INPT 01.04.2003

I[ET 29.08.2002

D15 | Project Assessment report INPT 29.08.2002

D14 | Progressreport INPT 29.08.2002

3
6
D11 | Dissemination and Use Plan 6
6
6
9

D14 | Quarterly report INPT 26.11.2002

D15 | Project Assessment report 12 INPT 24.02.2003

|V |(OD|(O|D|O|[O|O

D14 | Quarterly report 12 INPT 24.02.2003
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D4 | Automatic Speech Recognition 12 D/R Telisma 03.04.2003
SW, with reporting
D14 | Quarterly report 15 R INPT 05.05.2003
D3 | Signal processing softwar e and 15 D/R INPT 05.05.2003
test report
D5 | Communication 18 P/R ASP 20.10.2003
modules/pr otocols and
per formance test
D14 | Progressreport 18 R INPT 30.08.2003
D15 | Project Assessment report 18 R INPT 30.08.2003
D14 | Quarterly report 21 R INPT 20.11.2003
D9 | Technology | mplementation 22 Plan CSEM 02.12.2003
Plan
D10 | Exploitation activitiesreport 22 R CSEM 02.12.2003
D2 | Medical monitoring subsystems 23 D/R | CardGuard | 12.12.2003
with wireless connectivity
D6 | Integration prototype system 23 P/R Telete 21.04.2004
and testing report
D14 | Quarterly report 24 R INPT 24.02.2004
D15 | Project Assessment report 24 R INPT 24.02.2004
D7 | Medical multimedia services 28 R IET 23.08.2004
tools specifications and test
report
D8 | Fied Trial report 28 R TAM 27.08.2004
D13 | Dissemination activitiesreport 28 R IET 23.08.2004
D18 | CD-ROM with all deliverables 28 CD INPT 31.08.04
D14 | Final report 28 R INPT 31.08.04

Table 1: Contractual deliverables
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6.1.2. INTERNAL DELIVERABLES

DO.a | Collaboration with others 5" FP 3 INPT
proj ects

6.1.2.] System specifications 3 ASPI

la

D1.b | Medical Procedures 3 CsC

D10. | Quality Assurance Process INPT

c

D9.2. | Project Presentation 3 INPT

a

D2.a | Medical monitoring specifications 6 CardGuard

D7.1. | Medical multimedia telemonitoring 6 IET

a specifications

D9.2. | Dissemination Use Plan 6 IET

b

D.9.1 | Consortium Agreement 6 INPT

.C

D4.a. | Automatic Speech Recognition SW 12 Telisma

D5.3. | Communication module 12 CSEM

a

D5.5. | Communication protocols 12 ASPI

a

D5.6 | Server side detailed specification 14 Telete

a

Dl.c | Medical Proceduresadd-on 14 CsC

D5.4. | Communication protocolsfor the 14 CSEM

a Ultra Wide Band Relay Network

D8.b | draft of thefield trial protocol 15 TAM

1

D1.d | System Specification add-on 15 ASPI

D9.2 | Updated Project Presentation 15 INPT

d

D9.2. | Dissemination and use plan add-on 15 CSEM

e
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D3.1. | Biomedical signal preprocessing 15 P INPT
a
D3.2. | Biomedical signal processing SW 15 P INPT
a
D3.3. | Signal Compression Restoration SW 15 P INPT
a
D4.b. | Automatic Speech Recognition 15 P Telisma
Interface
D5.1. | Communication module 15 P Telete
a
D5.2. | Ultra Wide Band Communication 15 P CSEM
a module
D5.3. | Communication moduletest report 15 R CSEM
b
D5.5. | Residential/Hospital Gateway 15 D ASPI
b prototype
D2.c | Prototype of SpO2 sensor device with 15 P CardGuard
wireless connectivity
D5.6. | U-R-Safe Medical database 16 P Teletel
b
D5.6 | VR Server Module 16 P Telisma
c
D5.4. | Experimental Ultra Wide Band 17 D CSEM
b Network covering an indoor space of
at least two floors and at least 300 m2
of indoors surface.
D5.6 | U-R-Safe Application Protocol and 17 P Telete
d security mechanism
D5.4. | Report on the Ultra Wide Band 17 R CSEM
c Indoors Relay Network Performance
D2.b | Medical monitoring prototype 18 P CardGuard
D3.1. | Signal preprocessing test report 18 R INPT
b
D3.2. | Signal processing test report 18 R INPT
b
D3.3. | Signal processing test report 18 R INPT
b
D4.c. | Automatic Speech Recognition test 18 R Telisma
report
D5.1. | Communication module test report 18 R Teletel
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D5.2. | Communication moduletest report 18 R CSEM
b
D5.5. | Gateway adaptation and 18 R ASPI
c performance report
D5.6 | U-R-Safe Server testbed 18 R TAM
e
D7.1. | Medical multimedia telemonitoring 18 P IET
b test report
D9.1. | Technology | mplementation plan 18 R CSEM
a
D10. | U-R-Safemid-term report 18 R INPT
b
D6.a | Technology toolsintegrated in 23 D Teletel
laboratory conditionsin a seamless
overall network
D6.b | Report of the performances of the 23 R Telete
integrated technological
infrastructure
D8.a | U-R-SAFE Fidld trial demonstration 27 D TAM
D8.b | U-R-SAFE field trial demonstration 28 R TAM
2 report -results and exploitation
D9.1. | Exploitation Activities Report 28 R CSEM
b
D9.2. | Dissemination Activitiesreport 28 R CSEM
c
D10. | U-R-SAFE final report 28 R INPT
b
D.10. | CD-ROM with all deliverables 28 R INPT
d

Table 2: Internal deliverables
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6.2. TECHNICAL DELIVERABLES

6.2.1. D1- MEDICAL PROCEDURESAND SYSTEM SPECIFICATIONS

This document describes the core of the U-R-Safe architecture. It contains medical as well as
the end-user requirements on which the technical system specification and the later
development work are based. The U-R-Safe architecture is explained in details and provides
astarting point and ground rules for the detailed devel opment of the prototypes.

The medical part of the document consist of a description of potential patients and the health
model for the patient management. The typical patient for the U-R-Safe field tria is elderly
person living at home suffering from heart problems or/and respiratory diseases. For patient
monitoring, a set of requirements is given for monitoring oxygen saturation, ECG, heart rate,
respiratory rate and fall. In addition, the current situation of each field trial site is described.

The technical part consist of a system specification for the U-R-Safe architecture. It is
divided into four functional parts: personal area network, home network, access network and
service center. The personal area network consist of sensors and Portable Base Station (PBS)
which communicate with each other using Ultra Wide Band (UWB) technology. This
approach limits the unnecessary wires between the ECG sensor, SPO2 sensor , fall detector
and PBS. PBS is the heart of the U-R-Safe architecture. It takes part in decisions whether to
send patient data to the service center, how the data will be sent and whether any automatic
voice recognition dialog should be launched. Home network acts as a preferred method for
transferring data to the service center when patient is at home. It consists of UWB access
points and an ethernet based network which acts as a transfer media to connect to the service
centre either by using PSTN or a satellite access (DVB-RCS technology). Other way of
communicating with the service centre is to use GPRS connection directly from the PBS.
When the patient is out of her/his home, this provides means to keep contact with the service
Centre, where health care professional's can monitor the patient.

6.2.2. D2- MEDICAL MONITORING SUBSYSTEMSWITH WIRELESS CONNECTIVITY

D2 gives an overview how the monitoring units have been build and what components they
contain. The biomedical signal processing software which resides on the monitor units has
been documented in a D3 below.

The ECG, SP02 and fall detectors forms a core of the medical monitoring subsystem. These
devices are connected to a UWB -interface and via this interface the sensors send important
information on the patient condition. The mechanical and electric details of the sensors are
listed in this document.
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6.2.3. D3 - BIOMEDICAL SIGNAL PROCESSING AND ANALYSIS

This deliverable describes the signal processing part of the medical monitoring. It gives an
overview of the existing pre-processing and arrhythmia detection/identification methods and
explains thoroughly why a specific method was chosen as a part of the implementation. It
also includes a preliminary test report of the validation of the algorithms and gives insights
into the signal compression and restoration procedures.

The reliable feature extraction has been achieved by thorough research on the existing ways
of detecting pathological rhythmic conditions and using this as a basis for developing a
reliable way of identify seven pathological rhythmic conditions defined by the project
medical team. The first step is the pre-processing which eliminates disturbing elements from
the monitored signal ( for example basdline drift due to motion or power line interference).
After this, the ECG is analyzed using three step process. First the QRS complex are detected
followed by some features extraction/selection for beat classification using fuzzy logic
decision rules. Based on the extracted features and the best identification, arrhythmia
detection is performed again using some fuzzy logic approach. Once an anomaly is detected
some additional analysis are performed to try to identify the associated pathology . All the
designed algorithms have been tested using standard databases (MIT -BIH). At the end of the
project, field trials will show how the implementation is working in practice and the
functionality of the SW.

Pre-processing of the monitored biomedical signal contains two applications. One of the
application is for cleaning the signal before the automated analysis in order to be able to
eliminate noise and artifacts before the feature extraction and arrhythmia detection. The other
application is designed for the medical staff to help them to analysis the monitored data. This
application contains filters which can be applied to eliminate the noise and other artifacts
from the ECG. In this case, pre-processing is not performed before data transmission to let
the opportunity to the end user (medical staff) to observe the raw data without any pre-
filtering modification.

As it is vita that the monitored data is delivered reliable to the medical center, some
protection mechanism needs to be implemented. Also compression plays a role when the
global bandwidth of the transmission links is limited. For finding out which compression and
data protection mechanism would be suitable for transmitting ECG a study of the existing
methods have been performed. The best compromise for U-R-Safe architecture has been
chosen.

In the field of sensible biomedical signal transmission over unreliable links, the effects of
unavoidable packet losses over transmissions links is scarcely documented in the open
literature: S'W tool has been designed to help a non-specialized user to parameterize the
signal pre-processing, packeting for transmission, and restoration at the end-user side, and
tailor them to heterogeneous links and networks, just knowing the packet loss statistics of the
global link .
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6.2.4. D4 - AUTOMATIC SPEECH RECOGNITION SW

D4 is concentrated in speech recognition. It gives an overview of different speech recognition
systems and a short presentation on the newest trends in the field of speech recognition
research. The main focus is U-R-Safe's automatic speech recognition (ASR) architecture
which is described in detail.

The ASR engine in the U-R-Safe architecture is split in two parts: one that is in the Personal
Base Station (PBS) and one that is either in the gateway or in the medical center depending
on the mode of operation (indoor mode or outdoor mode). The acoustic analysis and feature
extraction is performed in the PBS and the recognition process in the gateway/medical center
uses these features to produce the end result. This distributed architecture improves
recognition performance over wireless channels by minimizing the impact of speech codec &
channel errors.

The application itself is launched when an event is detected by any of the sensors (SPO2,
ECG or fall detector). A set of questions is asked by the ASR engine to confirm an event.
These questions are dependent on the field trial site as well as the language. However, the
purpose of the questionnaire is to evaluate the condition of the patient and may include
following types of questions: are you experiencing chest pain, are you short of breath, are
you experiencing any discomfort and so on.

At the very end of the document, results of an evaluation of headsets and speech codec are
presented. For the outcome of the field trial, it is important that the quality of the sound is
sufficient since most of the patients using the U-R-Safe application will probably be elderly
people who may have hearing impediment.

6.2.5. D5- COMMUNICATION MODULES/PROTOCOLSAND PERFORMANCE TEST

D5 is a detailed description of communication modules of the U-R-Safe architecture. It
describes in detail the communication paths and equipment needed for establishing secure
and reliable connections between sensors, Personal Base Station (PBS), Gateway and
Medical Center. It also documents the test platforms which have been used for validating
correct functioning of modules.

Wireless Personal Area Network (WPAN) consists of three sensors (fall detector, ECG and
SPO2) and the PBS. These sensors transmit medical data and alarms to the PBS by using
Ultra Wide Band (UWB) technology. The document includes description of the hardware
and software architecture of the two different types of UWB modules. These modules varies
in their power consumption and are used in the diverse parts of the U-R-Safe architecture.
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Home network communicates with the WPAN using again UWB technology. A UWB node
is used for transferring data from the PBS via ethernet network to the gateway. The gateway
is connected to either a satellite network or a PSTN/ISDN terminal. The protocols used
between different modules are described in the document as well as the logic which enables
PBS to choose between different networks. An additional access network from which to
choose is GPRS. Then, however, home network is not needed and patients are not bound to
their homes.

Medical Center receives the alarms and monitored data generated by sensors and the PBS. A
security mechanism is implemented to verify the identity of the patient and to insure
confidentiality of the data transfer. The document consists of a description of the medical
data base where dl the information on patients are stored. Also the GUI which enables the
medical staff to view the monitored data and patient records, is described in details.

6.2.6. D6 - INTEGRATION PROTOTYPE SYSTEM AND TESTING

D6 "Integration Prototype system and testing" report is a report on the integration process
and testing of the prototype. Several tests was performed to evaluate the parts of the
integrated system as well as the whole integrated platform.

First the integration process is described step by step starting from monitoring sensors, PBS -
module, home network and finally explaining the components of the medical center. The
second part of the deliverable is concentrated in the validation of the integrated system. The
approach taken was to use task-orientated testing methods where the architecture is examined
piece by piece to determined if it fulfils pre-defined tasks set for it. The results were
satisfactory and at the end of the integration phase the equipment was ready to be delivered
to thefield trid sites.

6.2.7. D7 - MEDICAL MULTIMEDIA SERVICESTOOLS SPECIFICATIONSAND TEST REPORT

D7 is divided into two parts. The objective of this deliverable is to show the elaboration of a
concept of medical telemonitoring services socially useful and economically viable which
would meet patients and physicians expectations The first part presents medical multimedia
services specifications, giving the citizen needs, reporting about the existing devices. An
optimal organization scheme is given, with the example of SAMU 31 (emergency services
of France). The second part deals with medical multimedia telemonitoring test report. Field
trials have been organized both in Toulouse (France) and Barcelona (Spain). One of the
output of these field trials is the acceptance of the U-R-Safe system from both the patient and
medical center points of view. Observed difficulties have been pointed out, which should be
considered in future versions of U-R-Safe prototype.
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6.2.8. D8—-FIELD TRIAL REPORT

This deliverable is the output report of the WP8, dealing with field trials. D8 is organized in
three parts.

The first part is devoted to field trial overview in order to set how field trias will be
organized. The protocol of the field trials is given : two field trials will be organized, on in
Toulouse, France (near the |.E.T. — Professor Lareng team), the other in Barcelona, Spain
(near C.S.C. — Professor Alonso team). Then, precise description of the objectives of both
field trialsis given, with the respective protocols of Toulouse and Barcel ona sites.

The second part of the deliverable deals with field trial results.

First, Toulouse field trials are given. In Toulouse, al kinds of transmission of U-R-Safe data
have been considered : terrestrial, GPRS and satellite. Transmission tests show that if no
problem occurred using terrestrial links, both GPRS and satellite transmissions yield lost of
packets and result in “holes’” (no signal) in ECG reception. Sensor tests (SpO2, fall detector,
ECG) conclude that the present SpO2 sensor (clipped on finger) is not very convenient for
long wearing and another kind of sensor should be investigated. V oice recognition tests have
been done, showing that the logic of the system is good and functional. The only remark is
that maybe a male voice should be better understood for elderly patients. Moreover, some
physical restraints are pointed out which prevent the patient from moving easily, due to the
volume of the different sensor boxes. Obviously, this should be taken into consideration in a
next prototype step.

Second, Barcelona field trial results are detailed. In Barcelona, fall detector and voice
recognition system were not implemented. Moreover, due to administrative problems, only
GPRS transmission could be tested. Therefore, the conclusions of Barcelona field trial join
the one of Toulouse : the transmission problem resulting in “holes’” in ECG signd is crucial
since it can prevent the clinician from giving cardiac diagnosis.

In a third section of this field trial result part, results are given on the validation of ECG
pathology detection agorithms. Obviously, this validation could not be done during the
present field trials. First, the objectives of the field trids were to validate the U-R-Safe
concept and to show that it could be useful. Second, it could not be sure that all kind of
forecasted pathologies would happen during the field trials. However, these algorithms are of
high importance within the U-R-Safe concept since any detection of one of the forecasted
pathologies is responsible of an aarm which initiates data transmission. Therefore, within
this field trial, a validation of these algorithms have been derived, on simulated signals (from
well-known data bases), involving both technica and medica team. An internal deliverable
(D3b) presents al exhaustive results of this validation. Within the contractual deliverable D8,
the most important results of this validation are presented. They illustrate the efficiency of
the algorithms regarding the pathol ogic condition detection.

The last part is devoted to conclusions.
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6.3. CONFERENCE/WORSHOP PRESENTATIONS

Up to now, the U-R-Safe project was presented at the following conferences and workshops:

1.

C.Mailhes, F.Castanié, SHenrion, L.Lareng, A.Alonso, JL.Weber, B.Zeevi,
P.Lochelongue, Y.Depeursinge, V.Kollias, M.Ferhaoui. The U-R-Safe telemedicine
project : improving health care of the elderly, M1E2003 May 4-7.2003, St.Malo, France.

C.Mailhes, F.Castanié, S.Henrion, L.Lareng, A.Alonso, JL.Weber, B.Zeevi,
P.Lochdlongue, Y.Depeursinge, V.Kollias, M.Ferrhaoui. The U-R-Safe project : an
innovative multidisciplinary approach for an "anywhere' care of the elderly, 2nd
International Telemedicine Symposium in Gothenburg, Sweden, December 15-19,
2002.

Castanié F, Lareng L, Alonso A, Weber JL . Universal Remote Sgnal Acquisition For
hEalth (URSAFE)- Un projet Européen, Télécommunications et Télémédecine, Société
Eur opéenne de Téémédecine, Paris, September 30™ 2002.

Castanié F, Lareng L, Alonso A, Weber JL . Universal Remote Sgnal Acquisition For
hEalth (URSAFE)- Un projet Européen, La Revue des SAM U 2003 ; 166 : p.384-386.

F.Castanié, C.Mailhes, S.Henrion, L.Lareng, A.Alonso, JL.Weber, B.Zeevi,
P.Lochdongue, JLuprano, V.Kodllias, M.Ferrhaoui. The U-R-Safe project
multidisciplinary approach for a fully nomad care of patients, SETIT 2003, Tunisia,
March 17-21, 2003.

F.Castanié, L.Lareng, A.Alonso, JL.Weber, B.Zeevi, P.Lochelongue, M.Ferrhaoui,
Y .Depeursinge, V.Kollias. Universal Remote Sgnal Acquisition For hEalth (U-R-SAFE),
HomeCar e Concertation meeting June30-July 1, 2003, Toulouse, France.

F.Castanié, L.Lareng, A.Alonso, JL.Weber, B.Zeevi, P.Lochelongue, M.Ferrhaoui,
Y .Depeursinge, V.Kollias. Universal Remote Sgnal Acquisition For hEalth (U-R-SAFE),
Presentation held in the Scientific Reunion of the European Society of Telemedicine
30th of September 2002 in Paris.

Lareng L. Les téléalarmes du futur. Journée de Gérontechnologie de la Société
Francaise de Gérontologie et de Gériatrie, Paris, May 11" 2004.

Lareng L. Universal Remote Sgnal Acquisition For hEalth (URSAFE) : lecture to the
Consell Général des Landes on invitation by President Henri Emanuelli. IET, April 2003.
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10. Lareng L. URSAFE concept: Universal Remote Sgnal Acquisition For hEalth.
European Space Agency meeting, Paris, January 16™ 2004.

11. Stéphane Henrion, Corinne Mailhes, Francis Castanié. Transmitting critical Biomedical
Sgnals over unreliable connectionless channels with good QoS using Advanced Sgnal
Processing, 8th WSEAS International Conference on COMMUNICATIONS,
Vouliagmeni, Athens, Greece, July 12-15, 2004.

12. Stéphane Henrion, Corinne Mailhes, Francis Castanié. Transmitting critical Biomedical
Sgnals over unreliable connectionless channels with good QoS using Advanced Sgnal
Processing, WSEAS TRANSACTIONS on COMMUNICATIONS, Issue 1, Volume 4,
pp 896-899 July 2004,ISSN 1109-2742
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7. PROJECT MANAGEMENT AND CO-ORDINATION
ASPECTS

7.1. CO-OPERATION WITH OTHER PROJECTS

When the project was started a survey was made on projects working on the similar area.
During the U-R-Safe project meetings there were discussions about the other projects. The
results of these projects were taken into account when designing the U-R-Safe architecture.
Also several documents were reviewed by peer reviewers.

The U-R-Safe project organized in June 2003 a “Concertation Meeting” between projects
working on Home Headth Care. The meeting was attended by 11 projects and 19
presentations were held during two days. At that time U-R-Safe had completed most of its
design work and was able to show the main features of its architecture. It also got feedback
from the audience and helpful advises were given how to organize field trials. Most of the
papers can be found on the following website created for the meeting:
http://ursafe.tesa prd.fr/ursafe/new/CM/index.html. A CD-rom, including al papers and
presentations of this concertation meeting was done and distributed to all participants.

Also Francis Castanié, U-R-Safe project leader, participated in the First Concertation
Meeting of eHealth Sixth Framework Program Projects held on March 17, 2004 in Brussels.
Project leaflets and CD-roms of the concertation meeting of June 2003 were distributed at the
meeting.

7.2. REVIEWS

At present, the U-R-safe has participated in two reviews and got important feedback which
has been taken into account in the project management level. The comments received and
actions taken are listed below.

1. Review

* More focus on Co-ordination:

It was decided that in the design phase teleconferences should be held every fortnight.
The increase in communication between partners had a direct positive effect on the
project co-ordination.

* Thedeliverables were acceptable:
It was decided to have most of the project technical deliverables peer reviewed.
* Clinical trias needed redefinition:



Date:
QS FINAL REPORT August, 31"™04
Page 33 of 43

The trials were redefined in two cycles, during which more details were added and
some ateration to the architecture was made.

2. Review

Signal processing analysis was impressive
No direct action.
*  UWB work isauseful fresh approach
No direct action.
* Adequate coordination has been demonstrated
No direct action.

* Web-Site is active, but could be more comprehensive. Suggest to extract at least one
public status document from each major deliverables and place on project web-site.

Summaries of the technical deliverables have been placed on U-R-Safe's web-site.
* D3 Excdlent, D2a, D4, D5 (internal) Acceptable, D7aweak
It was decided to re-edit the D5 and the D7.

7.3. OTHER MANAGEMENT ASPECTS

At the end of the august 2003, it was seen that a four-moth-extension was vital to secure the
quality of the U-R-Safe platform and the success of the field trials. The delay was due partly
to the second review, which required a lot of preparation work and aso due to the problems
in the integration. At the end, an unanimous decision within the U-R-Safe partners to extend
the project was seen as the best way to avoid rushed implementations and secured the
positive results of the trials. A strong motivation to capitalize as much as possible from these
Field Tridsis the planned use of the U-R-SAFE concepts and modules in the framework of 2
real-scale deployments, forecasted for 2005 (see below 8.1 and 8.2).

All in al, the project partners worked together well and the objectives were reached. The
problems encountered by the project were mainly technical and were solved by co-operation.
Also, there were some extra tasks which were not taken into account when the project was
planned like the medical server, the database or the need to find and purchase fall detectors as
the fall detectors originaly planned were not available. The partners were willing to make
compromises to find new solutions and volunteered to do extrawork not planned originally.
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8. OUTLOOK

8.1. INPT

In the context of the U-R-SAFE project, which ams at developing a global
telemedicine service and an associated technology plat-form, the autonomous SWs
implemented at the biomedical devices level play a central role to support the efficient
medical monitoring of patients and so on to the associated health care delivery.

The functionality of the whole plat-form is directly related to the SW ability to detect
effective chronic conditions and to initiate an emergency transmission scenario.

For this purpose a standalone processing has been defined, design and implemented to
answer the application functionality as well as the end users (doctors) needs. The proposed
solutions fully fulfil the environment constraints (hardware capability, end user requirements,
transmissions needs...) as demonstrated by the success of the integration/validation process.
U-R-Safe has allowed the development and verification of the whole processing chain from
physiological signal acquisition, operational and real time expertise, arm and transmission
management. Through this study, most of the obtained and presented results can be
considered as reference ones as no “standard” ones are available.

ADDED VALUES OBTAINED WITH THIS SYSTEM

INPT technical activity in the context of URSAFE can be divided in three main activity :

- Signal (pre-)processing for shaping the data in the objective of amedical expertise

- Signal red-time analysis and classification for pathological conditions detection

- Signa protection regarding the possible losses during the transmission over

different non-dedicated networks

The U-R-SAFE project presented an opportunity for INPT to expand its activities to the
telemedicine sector. The future perspectives of the URSAFE concept, which ams at
integrating different biomedical devices, bring our activity to a general and global exercise.
This result in the provision of modular and highly parameterized processing modules
dedicated to biomedical data pre-processing, compression or protection/restoration.
Moreover this activity led us to illustrate the potentiality of the complete processing chain :
real time monitoring and analysis — alarm management — data coding — transmission
management — data decoding — tools to support medical expertise.
The validation of the ECG SW expertise (detection and pre-aided diagnosis), jointly with the
medical partner, has proved the efficiency of the proposed solutions. The other procedures
(compression, restoration) were demonstrated to be applicable to a wide range of low
frequency signals (the majority of the biomedical data). This would be the basis of further
developments in the field of telemedicine operational applications. The modularity and
adaptability of the proposed solutions are probably the most salient features of this SW
development and the most fruitful outcome of this study; they will allow an extremely
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flexible implementation at sensor level. Moreover this flexibility encompass many other
kinds of sensors far beyond the scope of the U-R-SAFE project.

A real scale deployment under the aegis and full support of a local authority of a French
Region (General Council of Région des Landes) with TeSA/INPT as the technical leader,
and IET main coordinator (see 8.8 below) is forecasted to start soon, to help solve the
problem of isolated elderly people (tragically highlighted in France during the summer
2003).

The project “ Pre-development and Demonstration of a Telemedicine system for Medical
tele-monitoring of elderly people’, will start as soon as all the results of U-R-SAFE are
available. It will use the concepts and subsystems (HW and SW) which have proven their
technical maturity, along with the addition of other functionality (localization, etc ...)

8.2. ASP

Remotely monitoring elderly people at home or at hospital (indoor mode) requires the
possibility to send medical data independently of the geographical location of the patient and
of the networking capabilities.

The design of a standard and interoperable gateway able to handle data over different
network technologies was one of the main achievements of the URSAFE project. The
gateway interfaces with the home network through Ultra Wide Band technology while it
interfaces with public network through ISDN or PSTN. Additionally, it interfaces with
satellite network to remove all isolation’s barriers. The gateway uses an intelligent
mechanism to switch from one network to another one in case of network unavailability in
order to continuously transmit medical datato the medical server.

URSAFE has allowed to validate the whole solution from acquisition of vital signs,
transmission over the different technologies, archiving and display on medical console.

ADDED VALUES OBTAINED WITH THIS SYSTEM

Alcatel Space provides its customers with end to end telecommunication solutions including
space technologies. The capability to develop and integrate equipment, network, applications
and telecommuni cation strengthens the delivery of reliable end to end solutions.

The URSAFE project presented the opportunity for Alcatel Spaceto :
validate the DVB-RCS satellite technology for medical applications,
- develop a standard based and interoperable gateway for home monitoring
purposes,
- position the hedlth related activity of Alcatel Group (a specific vertica market
activity has been created to set up and deploy health care services and solutions),
- complete telemedicine activities (telediagnosis, medical training, emergency, ....)
with home care solutions.
Following the Ursafe project and the technical and medical expertise gained, Alcatel Spaceis
engaging the deployment of a patient monitoring solution based on the technical modules
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developed in the frame of Ursafe. The deployment is partly supported by the Conseil General
des Alpes Maritimes and is expected for the end of 2004.

The vertica market activity created in Alcatel to deploy health care services and solutions
relies on the definition of specific packages related to health. One of these packages deals
with "Services at Home" solution and is based on the integration of Ursafe results. The
package integrates features demonstrated during Ursafe field trials and will be completed
with additiona videoconferencing and detection alarm features to allow full monitoring of
isolated patients.

8.3. CARDGUARD

The application of telemedicine systems for healthcareis agoal that Card Guard has been a
global success. The use of miniaturized ECG monitors and other medical monitoring devices,
all with telemedicine capabilities, has been devel oped, expanded and has encompassed varied
forms of communication protocols. Through the use of the latest technologies (WiH,
Bluetooth, Internet), the acquisition of rea time test results of medical monitors and the
almost direct physician/patient have proven to be as simple as using familiar household
devices.
» Card Guard is developing aline of products, in which Card Guard will attempt to
employ the agorithm devel oped for the project.
* AnIVR (voice recognition) function will be used for auto-answering, will be
implemented for Disease Management.
*  When UWB (ultra-wave band) Link is available on a chipset level, Card Guard will
be able to implement the Link for Medical Wireless Monitoring.

ADDED VALUES OBTAINED WITH THIS SYSTEM

Card Guard is a medical device producer, with a long history of developing telemedicine
techniques and solutions.

The U-R-SAFE project is an opportunity for Card Guard to expand its extensive expertise in
telemedicine to the project. The benefits of the existing Card Guard software/hardware and
the development capabilities of the company will add to the marketing penetration in
telemedicine and beyond, specifically through the use of the specialized ECG, oximeter and
“fall detection” line of devices.

84. TELETEL

The physician’s requirement for continuous monitoring the health status of patients on the
move was one of Teletel’s lines of work. Achieving real-time and secure physiological data
transmission over GPRS, ensured continuous monitoring with full mobility, and satisfied one
of the key U-R-SAFE requirements.
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For this purpose a standalone communication mechanism and associated protocols for the
transmission of medical data over GPRS connections have been designed and implemented.
It includes the Medical Data Transmission Protocol (MDTP), collaborating with OpenSSL
module for the provision of enhanced user authentication and data transmission security.
U-R-Safe has alowed the development and verification of the whole chain from
physiological signal acquisition, reliable transmission over GPRS (packet communication) as
gateway to the Internet.

ADDED VALUES OBTAINED WITH THIS SYSTEM

Teletel is a leading software and hardware development company, committed to offering
innovative solutions to its customers, setting industry standards and delivering a wide range
of telecommunication products.

The U-R-SAFE project presented an opportunity for Teletel to expand its activities to the
telemedicine sector. It paved the way for Teletel’s future development and products, not
limited to telemedicine, but also for other data types, sounds and images. The company is
seeking partnership in telemedicine as well as in other multimedia communication fields. On
the applied research side, Teletel will extend the solution to the coming UMTS, which will
make the transmission of physiological datain real-time definitively appealing.

8.5. TELISMA

Telisma sinterest in joining the U-R-SAFE consortium was to explore a new area for speech
recognition, the telemedicine domain, with respect to the technological constraints
(embedded and rea time functionalities on a distributed architecture) and the targeted end-
users composed of elder people. The behaviour of this multilingual population using speech
recognition is very interesting to study from a Voice User Interface standpoint . Telisma
strongly believes that speech recognition technology and interfaces can really help a certain
category of peoplein getting more autonomy in their daily life.

Telisma has been involved in U-R-SAFE system specification and development , especialy
leading WP4 concerning Speech Recognition.

To this end, Telisma has developed a Distributed Speech Recognition (DSR) architecture,
with an embedded client located on the PBS module, performing Voice Activity Detection
and acoustic analysis and sending recognition parameters to the recognition engine running
as “back-end” in the Gateway platform.

The second contribution concerns the improvement of the Voice User Interface and, in this
context, the ability to manage a truly multilingual dialogue. On the one hand, voice messages
cannot be played in more than one language at the same time, but on the other hand, the
voice system can recognize several languages at the same time. In the frame of the project, a
multilingual interface was offered to the Catalan population, using voice messages in Spanish
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only, but recognizing speech inputs in both Spanish and Catalan languages. Two particular
features were devel oped to that end:

Telisma ASR software was modified so as to be able to recognize several native languages
simultaneously, thus enabling multilinguality in voice applications,

The Catalan language library was developed for Telisma ASR engine. This has been tested
and validated over a speech database of Catalan speakers.

Regarding the other ergonomic aspects, the sound acquisition device has been identified as a
weak part of the solution. The microphone/headset kit is not idea because wearing it
permanently is quite uncomfortable (even it is a wireless one). Other devices have been
considered (directly on the PBS or as an independent device), but the quality of the speech
signal was not satisfactory.

ADDED VALUES OBTAINED WITH THISSYSTEM

The U-R-SAFE project presented the opportunity to develop and test a deployed DSR
architecture that improves recognition performances over wireless channels.

Such architecture may open some market opportunities with respect to the ease of integration
of applications combining speech and data flows.

Many new mobile multi-modal applications are envisioned, such as speech as an access
mode to wireless internet contents. The use of DSR allows to operate over a single wireless
channel rather than having separate channels for speech and data.

Furthermore, concerning speech recognition over digital mobile systems, the DSR
functionality offers the guaranty of a good recognition accuracy regardless of the transport
network since it uses the same speech pre-processing front-end.

Telismais now in a position to evaluate the normaized ETS| DSR standard front-end (result
of the“Aurora’ project).

From a market perspective, the development of the Catalan language (in addition to the
existing Castellan language) now puts Telisma in a very good position to push its ASR
products to the Spanish market.

8.6. CSC

One of CSC’s lines of work focusses on the research, development and implementation of
new and more effective models of healthcare provision, with a clear patient-center vision and
on the basis of providing areal continuum of care.

This explains the participation of CSC in the U-R-SAFE project and further characterises its
role. Thus, CSC has been involved in the definition and specification of the U-R-Safe
system, its integration in the specific health care area, participation in setting up the pilots,
communication infrastructure and, execution of the trialing phase, data analysis and results
reporting and dissemination.

To this end, a particular service of care provision was designed for the purpose of piloting the
U-R-SAFE solution. The service alowed the patient to be monitored when performing a
rehabilitation program outdoors under the supervision of a physiotherapist. It has been
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demonstrated that patient’s daily physical activity has important prognostic value. The
system can provide supervision on intensity, duration and vital sign measurements of those
genera daily activities. The proof of concept and the feasibility of doing it through the
technological approach adopted by U-R-SAFE were to constitute the basis for the application
in other areas. The potential benefits are many including: direct service costs, availability of
rehabilitation service for an extended group of patients, higher socialization of these patients
and aso afaster recovering period.

Moreover, daily activities can significantly improve both health related quality of life and
prevent the progress of the disease. Interestingly, it has been shown that if physical activities
are done in a different place than the usual environment to which the patient is used to, the
patient’s quality of life and his exercise tolerance are strongly improved.

ADDED VALUES OBTAINED WITH THIS SYSTEM

With regard to the added values the user gets from the system, the following deserve to be
mentioned.:
- Better accessibility to a highly specialised service
- Increased quality of life
- Decreased need for unplanned care services
- Improved clinical outcomes, short and long term survival
On the professionals’ side the following should be mentioned:
- Reduced costs
- Improved collection of patient’s registries that support decision making
- Increased self-management capabilitiesin patientsand care givers
- Ensuring adherence to clinical and behavioural interventions
- Better opportunities for closer and reliable follow-up of the disease

8.7. CSEM

CSEM has developed the Ultra Wide Band WPAN (i.e. persona sensors connected
wirelessly to a portable master device) combined with a mobile communication link based on
GPRS. URSafe provides nomadic users a diversity of options to transmit information, thus,
users are not tethered to the home. They have the benefit of GPRS connectivity when on the
move, UWB connectivity indoor and satellite connectivity where GPRS coverage is thin or
lacking.

» The WPAN supports short range, low data rate operation between personal medical
telemonitoring devices (persona sensors) and a portable base station. The use of
UWB facilitates nomadic usage and offers the potentia for low cost, low power and
worldwide available communication of a few tenths of kbits/s. Thisis tailored to the
requirements to support typical medical telemonitoring applications (e.g. temperature,
blood pressure, etc). The same UWB technology is also used for the WLAN for
communication with the fixed access point/gateway.
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* The nomadic users benefit aso from the GPRS link, which extends the operation
range of the UWB WLAN mentioned above to outside the home.

Such anywhere available connectivity offers users a service that they can rely upon wherever
they may go. This includes not just users confined to their homes, but the masses of users
who may require monitoring to continue to lead productive lives (e.g. heart patients and
diabetics) and, ultimately, even monitoring of people in good health (e.g. sports).

ADDED VALUE FOR FURTHER DEVELOPMENTS

CSEM can now offer a nomadic, low date rate UWB based WPAN and GPRS platform
supporting medical telemonitoring applications. This includes both the end devices (persona
health sensors) and the portable gateway/base station.

The combination of UWB WPAN and GPRS may be viewed as a specialized end system that
enables operators to offer health services to nomadic users. The persona heath sensor
devices would be miniaturized (e.g. implemented on ICs). These devices could then be easily
carried by the person, integrated into clothing, or in some cases even implanted. Ideally, the
portable base station would be implemented into a handset or PDA, but it could also be
added as an external module. In this way, users that choose the low power, nomadic health
monitoring service would simply select amedical telemonitoring enabled handset or PDA.

Thanks to this project and other related ones, CSEM is therefore able to collaborate in the
domains of nomadic devices tailored to the demands of health telemonitoring. These
demands include: low power, low cost, robust and reliable communication of health
parameters and alarms.

CSEM participates actively to projects centered on UWB technology (URSafe,
PACWOMAN, Magnet). The outcomes of URSafe are fundamentals for newly started
projects dealing with communication systems in the telemonitoring field of application. The
UWB technology developed within URSafe has been used as a basis for new building blocks
of wireless communication systems. As an example, the UWB physical layer is currently
reused to develop a low power Medium Access Control and to test the security and
information-confidentiality in wireless systems.

8.8. IET

IET was interested in URSafe as a project of home telemedicine. Most systems are often
developed in purely technical setting and look then for practical (medical) applications. This
often causes alack of adaptation to the practical needs. Our interest as an university institute
(with ateam of practicing MDs and engineers) was to take part in the specifications,
development, feasibility and validation of anomad telemedicine system. Our interest on the
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project was mainly as atool for early detection of medical emergency situations. The
geriatric population was our main concern.

ADDED VALUES OBTAINED WITH THIS SYSTEM

IET activity in the context can be divided in:
» Reflection on the provision of telealarm services and their visibility to the medica
community.
» Deveopment and validation of an ECG rhythm anaysis program that could be
efficient with atrial arrhythmias with our INPT partners.
* Development of a testing methodology for ECG, TCPO2 telemedicine measuring
devices, taking into account data looses analysis.
» Calling the attention of political actors on home telemedicine and home care, with the
possibility to display a prototype.
Our experience with URSafe will help us in the choice of the technologies and specific
sensors that are to be developed in order to improve home monitoring and emergency
medica ambulance services use. The choice of proper devices (either development,
validation or large scale buy counseling).
In particular the project “ Pre-development and Demonstration of aTelemedicine system for
Medical telemonitoring of elderly people’, will start as soon as all the results of U-R-SAFE
are available, with IET as coordinator, and TeSA/INPT as the technical leader (see above
8.1).
IET will dimension the deployment of the whole demonstration phase, and set up the
Medical Specification and Validation of this real-scale experiment, taking a full profit of the
experience gained during U-R-SAFE..

8.9. TAM

The objective for TAM-Telesante was to assist the clinical partners IET and CSC in the
description of the main medical tests which could demonstrate the efficiency of the whole U-
R-SAFE device for different patient’s profiles. The physician’s requirement was collected
by TAM for continuous monitoring and the organization of the Field Tria has been
performed.

Protocol for Barcelona site and Toulouse site has been written in acceptance with the medical
and legd rules. Clinical case report has been implemented.

The U-R-SAFE device has not been tested on real patients but cases has been simulated by
healthy people.

The trial has been performed on each site and has demonstrate clearly the feasibility of the
whole chain from physiologica signal acquisition, reliable transmission over GPRS (packet
communication) as gateway to the Internet.
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ADDED VALUES OBTAINED WITH THIS SYSTEM

The U-R-SAFE project presented an opportunity for TAM-Telesante to assist several
European clinical partners in performing medical tests in real time with a prototype which
integrate alot of new Technologies for Information and Communication.

The concrete approach of the reliability, ergonomy, usability of the U-R-SAFE device will
help TAM-Téésanté, in the next future, to have a more complete approach of the different
steps which will be encountered when applying a new technology to the telemedicine field.
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9. CONCLUSION

The U-R-SAFE project has gathered an efficient consortium, with complete and non-
overlapping set of competences.

The objectives given in section 3 were reasonable and realistic, with an acceptable level of
technical risk vs. innovation.

The introduction of Satellite Channels, Critical Biomedical data transmission over multiple
and heterogeneous channels and networks, Speech Processing, and Advanced Signal
Processing, al integrated and implemented in a complete prototype was a challenge for the
technology providers of the project.

On the other hand, define the medical procedures, the evaluation methods for such an
innovative technical platform, and giving a sound feedback to Technology Providers to help
them fine tune their concepts was an equivaently challenging objective for the Medical
Board of the consortium.

Both aspects have been treated in a good cooperation atmosphere, and the results, as detailed
in section 2.2 are sufficiently convincing to face now real-scale and real-world deployments
of the U-R-SAFE concepts, (which have been touched upon in sections 8.1, 8.2 and 8.8).

The U-R-SAFE project allowed the partners to gain a thorough understanding of the
integration problems of such multidisciplinary concepts and technologies, and to achieve a
real assessment of the technological maturity of each of the different subsystems, paving the
way to real scale deployments.

The global concept of U-R-Safe aimed at  creating a telemedicine service and a technology
platform to alow patientsto live a“quasi-normal” life in awide variety of environments.

The U-R-SAFE consortium succeeded in the challenging integration and/or design of al the
HW and SW components of the project, proving the feasibility and medical acceptability and
usefulness of this concept.



