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ExecutiveSummary

Thisdocumentpresentsresultsof deliverable 5.105.1) for WP5 of the FARSEEINGject, which

is a projecunder FPHCTR2011r7. WP5 aims to develop teleedicine service models for fall
detectionand managementfallriskassessmentnd exrcise guidance as part of fallevention
interventions.D5.1isa$ L2 NIi 2y (St SYSRAOAYS aSNBAOS Y2RSf
and description of telemedicine models to be developed through the project within the areas of
detection of real falls, assessment of risk of falling and exercise guidance, and deiscript

how the universAAL platform can be developed to fit the needs of a telemedicine service

LI FGF2NY Ay GKS Clw{99LbD LINR2SOl®E¢

With the rapidly increase iage groups over 60 and over 80 years in society, greater emphasis will
be put on technology thizaims to prevent functional decline and falls and promote safe
independent living. Telemedicine is the usd¢aécommunicatiorandinformation technologiesn

order to provideclinical health carat a distance. Telemedicine services are designed tarelien
distance barriers and can improve access to medical services that would often not be consistently
available in distant rural communities. It can also improve access to services for older home
dwelling people from their own home. A service model deacription of how such a service can

be delivered to the receiver.

During the last 15 years, several telemedicine service models have been developed in the areas of
handling adverse conditions and assessing health status. However, most of the modefsehar

found their place in routine health care deliveBeasorsfor this mght be that the services have

not been designed from the us@nmizeds and perspective, important stakeholders have not been

in focus when developing the service models, and #mbility of the content of the service has

not been highlighted.

The most commoestablishedelemedicine service in the area of faéitéction and prevention is

fall alarm services. Most often these services ameraegratedpart of a more general $aty

serviceor health monitoring servicéor older people. Among the fall alarm services, most use a

push button pendnt systemto activate thealarm, whilesome fewalso @mbine this with

automatic fallalaiTms. However, the automatic falarms haveonly to asmalldegree been

evaluated with respect to false alarnfaurthermore, only ame of thefall alarmservices include

0KS 2f RSNJ LISNAR2YyQa a20Altf ySGg2N] Ay GKS Tl tf

Body worn and envonmental £nsors used in automatic fall alaservices can also be used to
monitor physical behaviar of importance for fall risk evaluation and feedback to the older person
on behaviourrelated to fall risk. However, at present such informatiotois little degreeincluded

in the fall servicedjkely because information aboythysical activity level and pattefmasso far

not been interpreted or found reliable enough to giveamhation on fall risk.

WP5 of the FARSEEING project will develop a fall detection and management service model by

usingan iterative approach. The model will be developed as a proof of concept, but will be tested
in real life on real users in the municipality of Trondheim, Norway. The user perspective will be in
center focus and the service will be developed based on dezla for improvement of the service

as it is today. The service aims to improve current practice in the following domains: Going from

push button pendants to also include automatic activation of the alarm, improve quality of the


http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Information_technology
http://en.wikipedia.org/wiki/Health_care
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service with respect to comunication between the alarm central and the older person, and
reduce response time after activation of an alarm.

In addition, a fall risk assessment service model and an exercise guidance service model will be
developed as proof of concept models. Thesevice models aim to improve current practice in

the following areas: earlier detection of fall risk and earlier initiation of fall preventive
interventions, improved decisiomaking on fall risk, and increased uptake and adherence to
exercise interventios. The service models will be developed and tested in a usability laboratory. A
usercentered development framework called Nidaros Framework will be used in order to guide
the development of the services. Nidaros Framework is a framework specializesl-Hceasered
design of ambient assisted living (AAL) technologies. The framework places emphasis on two
aspects of service design: 1) Involvement of major stakeholders and support for communication
among these, and 2) Systematic approach towards using atdimed platform functionality. The
framework was initially developed in the Elbject universAAL as reference architecture for AAL
platforms. In the first year of FARSEEING, the framework has been adopted to the needs of
FARSEEING as described in thisel@able.
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Definitions and abbreviations

' Concept/abbreviation Definition/description
Telemedicine service Use oftelecommunicatiorandinformation technologies
in order to provideclinical health carat a distance
Telemedicine service model Descripion of how a telemedicine service wé®e
delivered to the receiver
Business model Describes theationaleof how anorganizationcreates,

delivers, and captures value (economic, sociatucal,
or other forms of value

Enabling technology Technology, including equipment and platforntisat are
needed to develop telemedicine service models and
services

Fdl sensor A sensor used to notify the monitoring system that a f

event has taken place. This could take the form of a
aSyaz2NJ 2F GKS (eSS GKIF G
automatically generates the event

PERS PersonaBEmergencyResponseSystem

PERSensor This sensor is used to notify the monitoring system ths
personal emergency sensor event has taken place.
This would typically take the form of a button that the
person presses to indicate some sort of perceived
SYSNHSyOeé 0aLIl yAO odziGz2y

Manual emergency call service  Fall alarm service based on use of a push button penc

alarm

AAL Ambient Assisted Living

UniversAAL platform An EUproject aimel at deveoping an open platforfor
use in AAL services

Nidaros Framework An open platform developedeveloped in the

universAAL project tbe used in the FARSEEING proje
Fall detection and management Used to describe service models and services that foc
on fall detection and assisting the person wheFellen
Fall management and preantion  Usedto describeservice modelshat coverboth fall
detection and management, as well as services aimed
preventing fal, including fall risk assessment and
interventions aimed at reducing fall risk



http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Information_technology
http://en.wikipedia.org/wiki/Health_care
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1 Introduction

1.1 Background

¢ KS gpopdaoidd GANBEAYIEST gAGK GKS LINRPLRNIAZ2ZY 2°-°

older set to double to more than 22% of overall population by 2a%0n 2050 the population of
adults aged 65 and over will make up more than a quarter of the populafiguiEel).

A
4988,
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Figurel - Percentage of population older than 65 by major afej.

Within the groups of oldepeople, hose aged 80 and overe the fastest growing, and are
expected to represent 20% ofétolder population by 20503]. In combination with this, the
proportion of younger adultsgspecially the working population, is decreasing. In addition, ageing
combined with an increasing burden of chronic, concurrent diseases threatens to make current
models of healthcare unsustainable.

Mobility problems, ranging from falls to difficulti@sth walking and rising from a chair, affect
millions of young and old Europeans. One of three over the age of 65, and half of them over the
age of 80 yeardall at least once annually]. Agerelated diseases, as well as consequences of
inactivity, make elders more liable to trips and falls. At a European level, there are more than
400000 hip fractures annually.

More than ninety percent of the fracturesedue to fall accidents, and 90% occur in persons over
the age of 50, where 80% are wom§gs). Furthermore, falls are the leading cause of injuelated
deaths in older persons. When it comes to the future of indepartdiving in elderly, injuries as a
result of falls are a primary health risk for this elderly population in the home environment as well
as hospitals and residential care honj8g It has been shown that older adults are hospitalized
for fall-related injuries five times more often than they are for injuries from any other c]se
Therefore a significant amount of resourseould be saved if the incidence of falls could be
reduced.Costs related to hip fractures vary in the literature, but are reporteddas high as
$29,449 inthdd NR G & the fidtureF7[i Chkkrvative estimates calculate mean costa fall

to 1000 Euro, with total costs of 3WO falls in Europe every year with an incidence ds fafl

30%, to exceed 30 billion Euro in the EU countries

6
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Falling is associated with loss of ssdhfidence and autonomy and fear of new f§8f making

the older person vulnerable for further functional decline and nellsfa hus, good systems of fall
management in older persons are needednale the older person feedafe.Differentfall risk

factors have been identified for different groups of older persons, with previous falls, low muscle
strength, gait problems and balance problems as de most important faciorthermore, fll risk

has beerfound to increase with number of fall risk factq8s.

Targeting individual risk factors for falls in a crdsiplinary setting is one of the documented fall
prevention interventiong9, 10]. Increased fall risk among older persons is associated with
functional decline and comorbiditgnd interventions aimed at preventing falls and reducing fall
risk should also target physical function. There is gbmclimentation that home or group
exercises that target muscle strength and balance can prevent falls in-dareking older people
[11, 12]. In order to be effective in preventing falls, such exers&so need to improve muscle
strength and balance.

Compliance is a big challenge fall prevention interventionsAdherence and uptake of exercise
interventions is thereforéncludedin the D7.1 report of the FARSEEING project which is about
developing exercise interventions for older fall prone perséiastors identified to be of
importance for compliance are 1) personal factasch asttitudes andbeliefs, health condition
and selfefficacy; 2) environmental factorsuch agphysical environment; 3) social factossich as
support from family and friends; and 4) programme characterissigsh agontent of the
programme, structure of the activityand time availabl¢l13, 14].

The recent progress in wireless communication technologies and sens@atumization,

widespread access to wireless netwaraad more affordable communication technologies

about to realize a new platform for delivering remote monitoring and assistive services. Ambient
Assisted Living (AAL) is a field of research and8ev@ Sy i 6wag 50 RS@20GSR (2

of assistance for a better, healthigr y R &1 FSNJ f AFS Ay (0KS LINBETSNNE!
(http://bit.ly/SVEIN2. AAL aims to prolong the time people live in a decemdre independent

way by increasing their autonomy, selfnfidence, healthand quality of life, by improved

monitoring and care of the elderlyhe development of systems for remote monitoring of
movementbehaviourand activityand development of telemediice services arexamples of such

R&D activities

Research and developmeintthis field is also motivated by the need to reduce the projected
burden on state and private health care services as well as individual health care cost. Enabling
and promoting indeendent living for older people in their own homes for longer might keep
health-care costs more manageable. This has created a quest for devefepsigleand cost
effective communications and monitoring services that saéttend the period of home

resdencyof elderly peopld15].

1.2 Prgect outline

WP5 of the FARSEEING project aims to model, design, and assess telemedicine services for
detecting and managing falls, evaluating fall risk, and redusing fall risk by oleexarcise
interventions.


http://bit.ly/SVEfNz
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The first part of the report dealwith the rationale for the development of the telemedicine

service models to be developed in the FARSEEING project. A systematic literature review has been
performed onexsistingservice moels Adlitional searches on the web habeen performed to

reveal relevant established telemedicine services. The description of services is given as examples
of content of services and models that have st to reach the stage of implementation. The
second part of the report describes present services and how these wilirieer developed

through the FARSEEING project. The mottetse developed build on existing practice in the
municipality of Trondheim, Norway, where the new models arbaalevelgped and tested. A

user centered approach as well as taking into account important stakeholders are stressed as
important factors when desloping the service models. Theport also givean indepth

description on how the universAAL platform will be adoptede used in the project.

1.3Methodology and research questions

1.3.1 Relation to other deliverables

D3.1 "Initial FARSEEING HW/SW prototypes documentation and manuals" has been used to guide
the feasibility study of the enabling technologies foe thervicesWP5 partners have been

involved in WP2 on work with evidence for drivers of technology for older pedgle5 partners
havealsobeen involved in D6.1 "Publication of standard fall data format". The format of the fall
related data is importantor the form and functioning of the final services implementations, in
particular Service 1. We will continue to use input from D6.1 in our further development of the
servicesFurthermore WP5 partners have been involvedD7.1 "Recommenationsfor design &
implementation of selfadaptive interventios & validation strategy of the interentions’, which

has been used as input for the work on services 2 and 3.

1.4 Methodology and esearch questions
The objective of WP5 is to develop three services thdtsupport managing of the different
aspects of falls, from prevention to prediction and detection. The work package is directly related
to the project objective O.3Development and validation of telemedical servidesaddition, WP5
also contributes totie project objective O.lnvestigate and exploit user acceptability isSUA$5
contributes to the specific objectives OSTBte smartphone, further than a communication tool,
will also become a transparent companion for older peaplg OS.6tmplementaton of
persuasive technologyVP5 is also central for FARSEEING contribution to D&signing a
specific and effective intervention strategy for fall prevention and to promote healthy behaviours
More specifically, WP5 is also guided by the followingraenal objectives:

1 0OO0.9: Response to a real fall.

1 0O0.10 Exchange of information between the older person and the caregiver about fall risk.
1 0O0.11 Individualised exercise guidance.

1.4.1 Research questions

The area to be investigated is vast and it isamg@nt that the research guestions we want to

address are clear and focused. We have, during the discussions in WP5, emphasized social aspects
of aging and use these aspects as a unifying feature of the research on services. This is due to two
factors. Fist, providing services, as will be shown in this deliverable, involves a large number of
stakeholders and users. Often the ICT support for such services is ignorant towards supporting at
least a minimum of these social aspects and of communication ameangtéikeholders. Second,

social isolation in general is regarded as one of the main reasons of a number ofedgiad

health problems. Having services that do not isolate elderly people but rather put them in a social
context can be beneficial to all gaes.
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We have summarized the research questions in WP5 in the following Tddequestions are
related to specific services, and a hint of how the question will be attempted answered is also
given in form of possible methodology. We have also listed soinige success indicators from
the description of work that directly or indirectly are affected by our answers to these research

guestions.

Tablel: Overview of research questions

What is the effect of the Service 1:
new service on the Detection and
number of relevant
actions taken?

How good is user Service 1
acceptance of wearable
monitoring unit (body

worn sensor or smart

phone)?

What is the effect of the Service 1
new service on the time

to rescue of the person

who has fallen?

Which user interaction Service 1, 2, 3
mechanisms are

suitable for the

involved uses?

What is the perceived Service 1, 2, 3

guality of the new

services compared to

the existing services?

What are the key value Service 1, 2, 3
drivers and potential (mainly 1)
conflicts among the

involved stakeholders

of the new service?

! For details about these indicatoptease consult the description of work.

2Telemedicine Acceptance Model

management of
accidental falls

In-the-field

In-the-field

In-the-field

In-the-lab using the
usability lab. Also
variants of the TAKI
guestionnaires

Valuesensitive
design methods,
interviews,
workshops
Valuesensitive
design methods,
interviews,
workshops

Ind20 Information about real falls
sent to an alarm center shdéul
result in action in 100 %
(excellent), 95% (good), 90%
(sufficient), or <90 %
(unsatisfactory) of the cases
Ind20.

Ind23Y LYy (K Scerdario F
is expected an observation time ¢
nmt RIFI&a F2NJ S|
subject wears the device at least
90% of the scheduled time

Ind10 The wearable monitoring
unit, usability: is perceived as eas
to wear, is perceived as
unobtrusive and comfoeble, and
is perceived as easy to manage
from the beginning

Ind20.

Ind23.

Ind6: The smartphone user
interface: is clear and customizab
to meet user expectations and
needs, is always able to be
adapted to the user capabilities
Ind10.

Ind8: User Acceptance: The user
would voluntarily use the system
beyond the trial period
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What is the effect of Service 2 Theoretical, based or Ind21 At least 95% of the users,
smart-phone-collected literature carers and health care personnel
data on fall risk demonstrate ability and
assessmenservices? willingness to use the software

developed to exchange the
information in real life studies thalt
has been expl@d during studies
in the usability lab

What are the best Service 3 Usercentered service Ind5: Compliance with exercise
service models for design instructions given through the
home-based ICT Smartphone is >90%

supported exercise Ind22 Compliamce with
programs? exercise instructions given throug

the FARSEEING system is
at least 90%

What is the effect of Service 3 Interviews, Ind5.

home-based ICT workshops Ind22

supported personalized

exercise programs?

What is the effect of Service 3 Interviews, Ind5.
home-based exergame workshops Ind22
suppoited exercise

programs?

1.4.2 Usercentered design
The purpose of the FARSEEING project is to provide an empibasdlgl scientific basis for the
next generation of faltelated alarm, monitoring, and exesa devices. Such devices clearly fall
under the EU definition of Medical Device (Directive 93/42/EEC). The directive defines hardware
or softwareto be a Medical Device if it is:
GAYUSYRSR o0& GKS YIFydzFFI OGdzNBNJ) 2 6S dzaSR 7T
o diagnosis, prevention, monitoring, treatment or alleviation of disease,
o diagnosis, monitoring, treatment, alleviation of or compensation for an injury or
KFEYRAOI LIDé¢

Medical Devices used withthe EU require CE marking, and this has consequencebdavay

GKSaS LINPRdzOGA NS RSaA3IYSR YR RS@OSt2LISR® ¢ 2
usability it is recommended to implement quality assurance processes throughout the lifecycle. CE
marking requires careful documentation of quality pesses, quality control, risk and hazard
assessment, testing and analysis.

Bestpractice in the design of medical devices includes a strong focus on usability engineering. This
Ad RSAONAROSR Ay RSiOFAf Ay (K ScApplicationoiiubaffiliRyr NR ¢ H
SYaAySSNAy3d (2 YSRAOIFItf RS@OAOS&¢:I HKAOK KIlF&aA 0S8
The standard motivates the use of usability engineering processes thus:

10
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Medical practice is increasingly using MEDICAL DEVICES for observation and treatment of
PATIENTS. USE ERRORS caused by inadequate MEDICAL DEVICE USABILITY have become an
increasing cause for concern. Many of the MEDICAL DEVICES developed without applying a
USABILITY ENGINEERING PROCESS are non-intuitive, difficult to learn and to use. As healthcare
evolves, less skilled USERS including PATIENTS themselves are now using MEDICAL DEVICES and
MEDICAL DEVICES are becoming more complicated. In simpler times, the USER of a MEDICAL
DEVICE might be able to cope with an ambiguous, difficult-to-use USER INTERFACE. The design
of a usable MEDICAL DEVICE is a challenging endeavour, yet many organizations treat it as if it
were just “common sense”. The design of the USER INTERFACE to achieve adequate (safe)
USABILITY requires a very different skill set than that of the technical implementation of that
interface.

Usercentered usability engineering processes are iterative anddecthe users in all phases of
the design and development cycléSO standard 924210 describes the phases of a usentred
software development process.

Plan the human-centred
design process

Understand and specify
- the context of use

Designed solution
meets user requirements,

s where ———

/ appropriate ™~
|~ ~

4 A

\
Evaluate the designs \\ Specify the user
against requirements \ requirements

Produce design solutions
to meet user requirements

Figure 2 The phases of a useentred deign process (from ISO 92210).

Figure2 shows therecommended phases of a useentred design process, and how they relate.
After an initial planning phase, the iterations contain the following phases:
1 Understand and specify the context of use:
The focus here is on identifying the users and stakehold#uslying their work
(and life) practice, and understanding the physical and social context in which the
product will be used. Methods used include interviews, field studies, video
observatiors, and identification of existing studies.
1 Specify the user reqiements:
The focus in this phased is on establishing the requirements for the
product/system. This is done through design workshops, interviews with
stakeholdersand analysis of results from the previous phase.
9 Produce design solutions to meet user reguents:

11
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Prototype systems are developed to be used in the evaluation phase. A variety of
methods exist for lowfidelity prototype development.

1 Evaluate the designs against requirements:
Evaluation of the developed prototypes can be done in a usabilityrbry, in the
field, or through focus group workshops. Based on the results from the evaluation,
the process is either finished or reiteratbased on the kind of problems identified
in the evaluation.

1.4.3 The NSEP usability laboratory

Performing usr-centred design actities, such as design workshops, focus groaps usability
testing, require a physical space and video recording equipment. In 2004 the Norwegian EHR
Research Centre (NSEP) established a usability and design laboratory for El€aftitdoperation

with the Department of Computer and Information Science at NTNU. Both NSEP and the
laboratory are funded by grants from the Norwegian Research Coémtiing b compensate for

the lack of realism in traditional usability tests, the ladiry allows for fullscale simulations of
hospital settings (Figg).

Pas. 250-2 Pas. 262 ) )
‘ D

Pas. 250-1

Control room

Cooridor
Staff room

Figure3 - The NSEP usability laboratory

Forthe recording of user dataa fully digital Noldus videoecording solutioris usedwith our own
adjustments and extensionsThe sability laboratorycurrently includes three roofmounted
remote-control cameras, several & G F G A 2y | NB OF YSN} &> 6ANBf Saa
YAONRLIK2YyS&s +y | dZRA2 YAESNE |yR a2F0¢6 NB &z
stationary and mobé devices. Since its completion in 2005, the laboratory has been used for full
scale testing of both prototypes and production versions of health ICT systems. The laboratory is
state-of-the-art for full-scale testing of health ICT.

1
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1.4.4 Developmentof the services using a useentred design approach

For each of the three service models, an iterative process building on theeested design

standard 1SO 924210:2008 will be followed. The specific process to be used is defined in Chapter
5 NidarosFramework, which is a specialization of usentred design with a focus on stakeholders
and platform utilization. The steps in the Nidaros Framework will be very similar to those of a
standard useicentred design and include the following:

1 Understandingontext of use

o Stakeholder analysis that is already started will continue through new iterations to
identify all the relevant stakeholders.

o0 CAStR aitdzRASa gAff 0SS LISNF2NX¥YSR Ay 2f RSNJ
people homes, and at emergey centrals. Interviews will be done with the elderly,
with therapists and other health workers, with the children or other relevant relatives
of the elderly, and with emergency workers.

1 Requirement specification and service definition

o A number of wetknown methods such as service blueprints will be used to define
better existing and future services and their technology requirements. The service
definitions will be based on usgenerated data.

o0 Based on the interviews and field studies, a set of require&ill be made, both
concerning functional and nefunctional elements of the service/product.

1 Produce design and application/software solutions

o For each of the services/products, a prototype system will be built that satisfies the
important elements othe requirements.

o0 The level of fidelity of the prototype will be high enough to be able to test important
factors related to usefulness and usability in the following usability tests.

1 Integration with platform functionality

o For all the services, the funienality defined for each service will be refactored into
possible platform functionality that can be reused. Platform architecture from
universAAL will guide this process, and the result will be a set of candidate platforms to
be used to support the selces.

1 Evaluation of design solutions

0 The prototypes will be evaluated through controlled usability studies in the NSEP
usability laboratory. The number of test subjects will be relatively I16). The tests
will be videdaped, and the results will benalysel in search of important factors
concerning usefulness and usability.

The data from the usability tests will be analysed in relation to usefulness and usability. Usefulness
(utility) and usability are the two most important elements of TAMe Techrology Acceptance

Model, which predicts endiser acceptance. Concerning usability, we base our analysis on the ISO
924111 definition of usability:

13



FARSEEING
Grant agreement no.: 288940
DeliverableD5.1

' aloAfAle Aa GKS SEGSyld (2 6KAOK | LINRRdAzOG O
withSTFSOUAGBSYySaas SFFTAOASYyOe> yR alidAaftrOarzy
The three areas of measurement concerning usability are effectiveness, efficiency, and user
satisfaction:
1 Effectiveness is a measure of the accuracy and completeness with whishagckéeve
specified goals. Common metrics include completion rate and number of errors.

1 Efficiency is a measure of the resources expended in relation to the accuracy and
completeness with which users achieve goals. Efficiency is related to produatigtity a
generally measured as task time.

T {FrGAaTFIOGARZ2Y A& (GKS RSIAINBS (2 ¢ Kma6ueclivk S LIN.
response in terms of ease of use, satisfaction, and usefulness.

Thiswill result ina combination of quantitave (effectivenss, efficiencyand qualitative (user
satisfaction)data. The operational definition of effectiveness and efficiency will ditieeach

case. For fall warning solutions, effectiveness and efficiency will be related to accuracy of the fall
detection and omprehension at the receiver side. Concerning fall risk solutions, it will be about
appropriateness, correctness, user comprehension, and the technical usability in operating the
device. For physical exercises, it will be about the operation of the saftwaer comprehension,
andwhetherits use leads to the correct exercises being done. For all solutions, user satisfaction
will be to what extent the endisers value the product and find it useful in their everyday life.

For each of the three service modethe results from the usability experiments will allowtois
identify the critical factors for endser acceptability. It is difficult to predict what these factors will
be, butlikely candidates include:

1 The userfriendliness of the user interfaces ena&phones and other displays.

f The ergonomics of the way sensors and other equipment are strapped to thdzné NI &
body.

1 The software integration with other services and systems in health care and emergency
centrals.

 Theenduser€D2 YLINBKSy a2gPS2HddiKSY@RaSté¢ 2F (KS LIN

1 Electronics: The accuracy of the sensors, radio range, battery capacity, processing power,
and more.

The above list of factors speculative not a set of hypothess to be tested. The overall study
design for thigroject is explorative, where the resulting factors will emerge out of the data.
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2 Enabling technology, telemedicine service models and services

2.1 Concepts and definitions

Telemedicine is the use tdlecommunicatiorandinformation technologiesn order to provide
clinical health carat a distancgl6] and can be used to support fate-face usual care

Telenedicine serviceare designed to eliminate distance barriers and can improve access to
medical services that would often not be consistently available in distant rural commuititas
also improve access to services for older commuditiglling peopledirectly from their own

home. In the area of fall prevention and management, more accurate fall detection technologies
continue to mature and are rapidly nearing the marketplatiee challenge becomgisow to

bundle the technologies into a service of thiglest value to the largest possible number of
potential users at sustainable costs.

A service modeis a description of how a service can be delivered to the receiver. A service model
describes the details of the service, the intended usansl how thelatter will benefit from the
service. A service model also describes which other related services and infrastructure this
particular service relies upon. Also, a service model describes how to make potential users and
decisionmakers aware that the senacexists, how to purchase the service and have it
implemented. Finally, a service model might describe how the service can be bundled together
with other services. Once developed, a service model is then typically used to de\mismeass
modeland a pla for bringing the product to the market.

Telemedicine service models are generally divided into samieforward, reattime interactive
services and remote monitoringtoreand-forward reflectsthat data that are to be interpreted by

a clinician are dtected and forwarded to the clinician who is to assess the data and provide
feedback at a convenient time. Services that assess dermatology, radiataypathology images

are often organized according to this mod@kaitime interactive servicesequire that both the
service provider and the receiver are present at the same time. The interaction can take place by
phone or video. Remote monitoring involves the collection of (sensor) data at the site of remote
monitoring, transfer and analysis via a radetwork, and processing and handling of data at the

site of the service provider.

Different technologes, including equipment and platformare needed to develop telemedicine
service models and services. In this report this is describégatrenabing technologies
Numerousstudies have been performed asseshealth-enabling technology fathe

developmentof telemedicine service modelBespite high potential, relatively few telemedicine
services have found their place in routine healthcare deyiy&7]. Ludwig et al. describibe
requirements for healtkenabling technology to benplementedas telemedicine services: 1) The
tools must be reliable; 2) the services must be designed to be reliable, meaning that they have to
meet the requirements foreal life use cases, 3) stakeholders need to be idedtifiad 3) the

new systems need to build on existing health care systems, health information systeans
information management systems.

{2YS &aSNIAOS Y2 R Sdcidl neiwgrioEy'dzRidl" wé iedin thakititeNdtives also
will use, and benefit fronthe service. With new enabling technology, irssan ofthe older
LISNE 2y Qa & 2 O Adleiedifirte (sesvicdldiodels Yias beepossible. With future
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perspectives on challengeslaged toinsufficientnumber ofhealth care workers relative tthe
number of older people, the possibselvantage®f including social networks in service models
should therefore be explored and assessed.

2.2 Classification of telemedicine services te Helivered at home

In a systematic review from 201Rudwig et al[17] made a classification of archetypical service
categories for healtfenabling technologies for elderly peopkexisting servicesere categorized
as follows:

A: Handling adverse aaditions

Al.Manual emergency callfcluding use of rescue buttons. The systems are based on a manual
activation of the alarm from the older person.

A2. Automated detection of deviant behauio This includes ambient sensors to monitor activity

level a physicabehaviour Intelligent data analysis can here be used to determine situations that
deviate from normal behavio. Based on results from the analysis, the system sends a message to
a remote server. The server answers the message by callingdbep#rson to ask whether he or

she is in need of assistance.

A3. Automated detection of fallJ his includes@omatic detection of falls by sensors worn thre

body or sensors mounted in the environment, e.g. the bed. Such systems may also include GPS to
track the person who hefallen.

A4. Automated dtection of cardiac emergencieshisincludes complex systems monitoring data

from several biomedical devices (glgood pressure, oxygen saturation, heart rate, atrial

fibrillation) in heart disease pAtS Yy 10 &> 2NJ a@adGSya GNARIIASNAYy3I |y
rate.

A5. Handling potential dangerous situatiae$ers totele-health systemshat can recognizeand
communicateadverse conditionsSuch information can be collectéal exampleby inteligent
guestionnaires, where answers exceedaggtainthreshold values are flagged and sent to the

health care provider.

B: Assessing state of health

B1. Recognition of unknown diseasend medical conditiongcludessystems monitoring
behaviaur or biobgical functions. Unusublehaviouror symptoms over time can be used for
clinical decision making of diagnosis and management of symptoms.

B2.Monitoring of known diseasdasthe most applied telemedicine health service, and includes
monitoring of symptons of cardiovascular disease, respiratory disease, and diabetes mellitus.
Such services also fall under the category of chronic disease management.

B3. Monitoring of therapeutic interventioris monitoring of disease symptoms and behaito

be used to edcate and motivate change behaviour

C: Consultation and education

This may include use of wdlased consultations and teleonferences. Such services may also
includethe use of monitoring systems that derive information on health and disease to be
discussed in the conferences or consultations.

16



FARSEEING
Grant agreement no.: 288940
DeliverableD5.1

D: Motivation and feedback

Such services are developed to motivate and give feedback on beinaviorder to increase
compliancewith diseaserelated treatmentoto NS A Y F2 NOS LI G A Sy (igmofd &I NB
disease.

E: Service ordering

This includes services to provide support for functioning in daily life situations, like assistance with
grocery shopping or instrumental activities of daily life.

F: Social inclusion

Social inclusioservicesare seen aservices aimed at increasing social wellbeifigis can be an
element in different home monitoring systems, but is seldom in $ofcw the development of
health-enabling technologies.

In WP5 of the FARSEEIpIGject, existing fall management sece mode$ and those to be

developed belong to A1 and ABhe fall risk assessment telemedicine service maalbe

developed belongs to Abut canalsobe regardedas beingelated to health monitoring and

categorized under B1. The exercise guidance rhatlEbe categorized as a motivation and

feedback service (Category D) and service ordering (category E). According to the paper by Ludwig
et al.[17], most services that were derived from the literature review belong to category A and B.

2.3 Review bliterature

Literature searches were performedfubmed (http://www.ncbi.nlm.nih.gov/pubmed), the ACM
digital library http://dl.acm.org), andin IEEE Explore (http://ieeexplore.ieee.ordf) addition, we
gueried thewebsites ofJournal of Telemedicine and Telecfuip://[tt.rsmjournals.com) and
Telemedicine and-BEealth(http://online.liebertpub.com/Ioi/TMJ).

We firstexplored the databasesgardingpublications on the use of remote monitoring
technologies for detection, managememind prevention of falls. Searchesthe databases are
listed in Bble2. Publications were classified according to the scheme depictédteitable. Most
identified publications described relevant technology or reported on a proof of concept study. A
few publications reported on real life pilot$gble 3. Only three described a prospective trial.
Three contained a description of a servinedel[18-20].

We then queried thelournal of Telemedicine and Telecanel Telemedicine Journal aneHealth

and manually identified publications thatalol be of relevancedn addition,we sought among
publications citing the publication at hand. With tlsispplementaryunsystematic approach, we
identified 10additionalpublications that described service models and that built the descriptions
of the sewvice models on servicelkdt were operative and in usedble3). In a review of literature
on healthenabling technologies for the elderly, Ludwig etdascribed six categories of services
1) Handling adverse conditions, 2ssessing state of health) Gonsultation and education, 4)
Motivation and feedback, Fervice orderingand 6)Social inclusiorj17]. We decided to use these
Six service categories as a classification scheme.

Table3 presents a summary of the service models that are desciiibéide publications andists
the different stakeholdershat arementioned. Most papers mentioned between two and four
aGF1SK2ft RSNA® LY | RRA A 2-9f-kinj @calj ¢ar pravidersndcdlli = (G K S
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centersare listed. The publicains by Mettler and Vimarlunf21, 22] have a wider perspective

and listalargerarray of stakeholders.df telehomecare services to be taken into use and become
an integral part of the regular serviceservices models must be aligned with healthcare policies,
integrable with existing serviceand accepted by existing providers, professioyatsl

institutions.
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Table3: Characteristics of service models described in identified papers

Publication

Stakeholders
identified

Service model

Brownsell 2001
[19]

Patients, Call center,
Resident care provide

Handling adverse conditions.
Service organized via the regular alarm central i
the community.

Brownsell 2004
[20]

Patients, Call center,
Resident care provide

Handling adverse conditions.

Trial on the effect of a fall detection service on f¢
of falling. Service organized via the regular alarn
central in the community.

Gagnon 200623

Patients, Care
providers, Project
managersHealthcare
organizations,
Healthcare system

Manuscript has mevaluation perspective.

Hebert 2004 24]

Patients (Client), Care
providers (Physian,
Nurse), Healthcare
managers

The pblication is a presentation of the
perspectives of different stakeholders and
discussiorof potential models.

Lamothe 2009
[29]

Patients, Care
provider, health care
organization,

Publication presents two telehomecare models ¢
consultation and educatian

Marschollek 200¢
[26]

Patients, Relatives
(nextof-kin), Care
provider

Publication is a review of publications on service
and focuses on the use of standards (gkt)-7 /
CDA) when establishing the services.

May 200327] Patients, care Publication is a synthesis of the results of sever3
provider, health care | ethnographic studies of the delivery of home
organization, policy [ basedtelemedicine. The publication Is& number
makers of premises for establishing viable telemedicine

services.

Mettler 2011[21] | Patients, Care providg Publication presents four general models of

Relatves (Client
relatives), Goverment,
Suppliers of
technology, Housing
providers

homecare informatics: Distributed care, Herky
jerky care(ontinuos care and Virtuédased care.
Publication also presents a methaat taking the
needs of multiple stakeholders into account whe
planning homecare services.

The project is cdunded by the European Community under the Information and Communication Technologies (ICT)
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Publication

Stakeholders
identified

Service model

Wootton 2012
[28]

Patient, Call center

Handling adverse conditions.
Service organized via a central clearing house.

2.4 Health-enabling technologiesand telemedicineservice models
In the further text examples benabling technology used in telemedicine service models related

to fall management and prevention are described. The examples have been chosen to represent a
variety ofhealth-enablingtechnology and service modeM/e havedza S R

0 K Sud\Ndd LJ2 NJi

bushess and financing models related to ICT for agiall to find relevant technologieand
service modelghttp://www.technolage.org). Additonally we have searched on internet for

companies and products. Tteeis large varition in the amount and quality @dcumentation that

is possible to derive from thes®urces

2.4.1 Manual emergency calls systems

a{

Fall detection systems are commonly described as Personal Emergency Response Systems (PERS),
with a manual btton system as the first generation (PERS 1.0), and automatic fall detection
system as the second generation (PERS 2.0)

Traditional detection of a fall has been achieved ustidRS 1.6ystems where the useupon
experiencing a falhushesa button to call for help The common protocol for such a system is
achieved by wireless communication didgdtom the sensor, body worn or in pendant forto a

base station, where the base station further propagates the emergency message to a call center

where stff isavailable tohandlethe situation and contact the relevant personal or the elderly
uselQ relatives or friends using a prioritized list of contacts.

-

Figure 4 Push button pendant system used by independeiting

elderly to call for help inase of a fall emergency.

The push button pendant systems help to minimize the ramifications offfaffs 0 KS Sf RS NI @&
homesandpossiblelong-lie situatiors, by reducing the time between the fall and the arrival of
medical attention[29]. However, it is not gatisfactory faldetection method, as during a loss of
consciousness or a faint theser will notbe able to activate the pendafi80]. It has also been
reported that even when elderly people have fallen and injured themselves,didayot activate
their alam, even though they had the opportunity to do 1]. Furthermore, thegpendantsonly
work indoor or in close distance to the houseamartment Through interviews with older users of
push buttonpendant alarm systems,racentNorwegian project on needs for mobile safety alarm
systemghttp://www.sintef.no/home/Publications/Publication/?pubid=SINTEF+A234G8

identified the followingareas whereahe PERS 14$ystems are not good enough: 1) The alarm does

not work when theusersare in the basement of thelmomes 2) It does not work when going to
look for mail in the pillar box, 3he system does not workyou are not able to push the button,
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for example if you faint, 3jhe system is unpractical to use during the night, and can therefore not
be used if you go out of the bed during night time.

The effect of a mobile push button safety alarm on outdoorksafear of falling, and quality of life
wastested in anRCT from 201B2]. Results demonstrated that the most frequent reason for not
completing the intervention was that the alarm was regarded too heavy to carry. Those who
completed the intervention had more odbors walks at baseline than those not completing the
intervention.

2.4.2 Automatic fall detection systems

The newest generation of automatic fall detection systedescribed as PERS 2.0 systeaiready
exist(seeFigureb). Reliability of such systendependsgenerallyon the algorithmsimplemented
to detect falls. Low reliability of fall detection BERS 2.G/stems was one of the arguments
behind building a fall repository within the FARSEEING prajmtying the development, further
improvement,and testing of newall algorithms based odata fromreal falls[33].

o (e
@ Figure 5- Automatic fall alarm sensor to be connected to the waist.

2.5 Existing technology and senaanodels

Philips lifeline

Philips Lifelinéhttp://www.yo utube.com/watch?v=xUr7 ISIH) offers medical monitoring
systems for seniorand falldetection devices connected ta monitoring center. Theompletefall
management system is called Philips Lifeline AutoAlert penddog Philips Lifelinpendant is
worn aroundthe neck and has a push button and an optional aaftert. This pendant specifically
detects the impact that occurs with a fall, and it is programmed to automatically alert a
monitoring center whenevea falloccurs.However, no specificity or ssitivity of fall detection
from the automatic autealert is specified.

The autealert feature is based on multiple sensors that monitor activity and can differentiate
between normal activity and a fall. If a fall is detected, the Lifeline Resparger will try to

contact the wearer. If they camot establish contagtthey send emergency services to the wearer's
home, and the center also contacts a designated family member or neighlbtiue. user is out of
range of the receiver unithe call centre wilnot be contactedSimilarly, wherthe pendant is not
worn, it is ineffective Finally, f the wearer does not respond to the call centre test once every 30
days further action is taken.

Wellcore

The Wellcore systerinttp://medical-alert-systemsreview.toptenreviews.com/wellcore
emergencyresponsesystenmreview.htm) includes ebase unit, gpersonal activity monitorwhich

can be clippean) and an Emergency Call Center. The personal activity monitor automatically
detects a fall and alerts the Call Center. The wearer can also manually push a button to trigger the
alarm. When the alarm is activated, the Call Center sends emergency seéovibeshome, and

contacts a designated family member or neighbour. The system has additional functionality: When
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used with a Wellcoreompatible cell phone, the monitor also functions away from the base unit
at home.In this casethe system can use thestt phone to pinpoint location and send help.

If the wearer forgets to put the monitor on, a message is sent to the base unit. If those messages
go unanswered, Wellcore notifies a designated family member or neighbour. The system includes
an onlne disply with secure accedsr designated family membsrorcaregives, that displays

activity trends. The system also includedext to speech” message that is sent to the base unit.
This is a way for family members to leave messageddbatcan be heard Y the senior pressing

a button on the base unit.

HaloMonitoring

The HaloMonitoring systeniitp://www.halomonitoring.com/support/myhaleclip-

demonstrationvideo) conssts of a base unit and@yHaloQipé¢ ® ¢ KS Yaan Hefv@nat t A LJ
the belt or top of pants. It includes an amé display with secure accefss designated family

members and/orneighbous, and also includes delivery of alerts via text messages, gmail

phone call from the MyHalo Call Center.

The "myHalo Completdiasthe added benefit of vitals monitoring. I worn as a chest strap or
undergarment and is invisible under outer clothing. All vitals can be displayed on a secure website
(accessibldor designated family membe)y while alerts are delivered via text messagenail or a
phone call from their Call Centre. The system can also detect when it is not beinghera.is no
coverage if the user is outside the range of base unit ahome.

A comparison of the systems from Philips, Wellcore and Halo Monitoring has been desaribed
the web:http://archive.aweber.com/agingparentap/1suRH/h/ How to Koose a Fall.htm

Tunstall

Tunstall(http://www.tunstall.com/) provides telehealth and care solutions for older people and
persons with longerm health and care needs order toimprove quality of life angrevent need
for hospital or residential care. As part of the solutitimey provide fall alarms based on automatic
fall detection as well as push penatebuttonswith related software and hardwares. They offer
field service engineers and contact to an op@aal control centre which is available to
customers 24 hrs a day, 365 days a year.

The eCAALYX system

The eCAALYX (Enhanced Complete Ambient Assisted Living Expdhitt@ftyww.ecaalyx.org)
project is a Eurpean collaborative project as part of the Ambient Assisted Living (AAL) Joint
Programme lfttp://www.aal-europe.eu), in whicha falldetection service model was deployed in
a reatworld setting[34] (06/2009-06/2012¢ http://ecaalyx.org)[35]. The bcus of the projectvas
to provide a complete solution to improve the quality of l#fed reducethe morbidity and

mortality of elderly people suffering from chronic disegsga monitoring and assessing changes
in activity of the patient.
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Figure 6- The eCAALYXsEm overview, including the three
main parts: the mobile system, the home system, and the
caretaker site. Also shown are the euskrs: Elder, Doctor,
Caretaker, Relatives, Administrator, and The Emergency
Services.

Theprojectaimed to assess the lorigrm accuracy and reliability of a wearable f@ditection and
activity monitoring system deployed with real end users both inside and outside the home. The
eCAALYX system is composed of three main subsystems, the Home Sulihestdohile
Subsystemandthe Caretaker Sitésee Figure 6)

As part of the mobile monitoring systenstrap-down kinematic sensor$36] were used and
algorithmswere developed for the classification tife intensity and type of activit}37] and the
detectionof falls, using bodyvorn tri-axial accelerometers (TA). A senkmated at the lefunder

arm was used to monitor mobility, provide estimates of energy expendjtared detect falls.
Algorithms to classify physicAehaviourand detect falls have been deloped and tested by
Bourke et al[38]. Upon the detection of an emergency situation sucla éall-alert, the fallsensor
reports the event to the fall handler continuously until a propagation acknowledgement is
received. This acknowledgement sent by the fall hauller to the fallsensor subsequent to
propagating the falhlert message to the Caretaker site and server. The fall handler continues to
propagate the fall alert until the server acknowledges the reception of this alert. The Caretaker
Site includes the Cataker Server and a webserveontainingelectronic health recordseeFigure

7. The Caretakerit® is also responsible for patient management, data visualization, health
agenda and observation pattern management. Falért messages are propagated toeth
Caretaker via an intermediate gateway implemented at the server which also filters duplicate
messages.

Figure 7- The caretaker site.

Netwell-CASALA Centre and the Great Northern Haven project

The CASALA project in Irelahdt://www.casala.igthe -greatnorthern-haven.htm) is a

collaboration between the Technical Universitye local health servigand industry partners on
equipping 16 Smak 2 dza S& Ay 2NRSNJ (12 SyKIFIyOAy3d 2f RSNJI LIS
members of the societyl his is a demonstration project for independent living that uses sensor
technologies in a community and research context. The simauses are constructed specifically
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for Ambient Assisted Living (AAL) applications. Beg@ontinuously gathered from coesting
residents, within the apartments and right outside the apartments. Each apartment has more than
100 sensors, TYand touch screen devices.

The ESOPPE programme

The ESOPPE programmaviv.ihf-fih.org/content/download/1907/.../Jean%20Debeaupuis.jp

a service model developed for persons over 65 years of age. The service addresses security,
independenceand communication for older people, but has a main focudadls. The effeabn
fallsof part of the ESOPPE programmas testedn Francg39]. The study was a longitudinal
prospectve cohort study over one yeand 94 homedwelling frail people aged 65 years and over.
Participants were divided into an exposed group and aexposed group. Participants in the
exposa group were equiped with homebased technology consisting of a light path coupled with
tele-assistanceThelight path turns on when the person sets foot thre ground During follow

up, 30.9% in the exposed group compared to 50.0% in theex@osed grougell. The redution in
risk of falling in the exposed group was estimated to OR=0.33 (CO@&Y. The light path

coupled teleassistant system also reduced severity of falls at home (p=0.0091).

VieDome Mextal B.V.

The VieDome Mextahttp://www.careathome-project.eu/index.php/consortium/mextal) offers
a toolbox and an open platform solution for personalizing home care. The solution can be
connected to different health care services at a distance.

Griffin Medical alarm

Griffin Medical alarmHttp://www.medicalguadian.com/griffingamedicalalert-systemsfor-

seniorg is a home emergency care service and business model developed to fill an existing gap in
the market. Itis based on a push button penalasystem and gives connection to a surveillance
centre. Howeverit has never reached the state of implementation in real life.

eCare (NEAT)

NEATHttp://www.gruponeat.com/oursolutions/productsfor-elderly
people/telecare/monitoringcentre) produces platforms to be used in telecare and telemedicine
services. The services based on the platform aim to re@uteR S NJ Liz&<ahdf a8niisBions to
hospitals. A mobile telephone, NenfBigure 7)gives the possibty to send alarms despite the fact
that they are moving around in relatively large areas. Nemo has a GPS that can track the position
of the user and used a push bottgpendant system. When the button on Nemo has been pushed,

a two way communication isesup with an alarm central. The GPS coordinates are sent in an SMS.

Figure 8- Nemo mobile telephone can track the position and send alarms when moving. around

Vivago
Viva@ (vivago.studio.crasman.fi/pub/web/Misc/vivago abstract mail.pdiffers an automatic
fall alarm service and monitoring of daily activities by sensors imbeddedvimistworn watch
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(seeFigure9). The alarm can be connected to relativéglaptive algorithrs analyseéhe data on

activity generatedduring everyday life and creatan overall picture ofthne dzi SN &  OdzNJ
condition.A case study describes the system andagsibility as a tool for long term monitorimg

orderto detect changes in health status in older adults in their normal environn{égisi1].

Figure 9- Vivagopersonal safety system, including automatic alarms and
contruous monitoring of the useroés well being.

Abilia

Abilia (http://www.abilia.org.uk/produkter/) offers assistive technology products in the areas of
communication, cognitiopand environmental and alarm controls. The products aim at keeping
older people loger at home. The products include different controllérat can be usedor the
purpose ofprevention,such asa bed alarm registeringghenthe person leaves the bed.

Phoniro

Phoniro fttp://www .phonirosystems.se/oeversikt.htinbffers technolaical IT platforms for
telecareand different alarm products, included bed sensors and pegsvellas a bodyworn
push button pendat alarm.

2.6 Telemedicine services for falls in elderly people

Telemedkcine services for falls in older people are seldonited to solefall detection and
management services, buather areincludedaspart of safety servicewith multiple purposes.
Serviceghat will be describedere arebased on the Case Analysis rep@rww.technolage.ory
that listed the 20 best business and financial models related to ICT for Ageingsve#]l as
services derived from the literature review of Ludwig e{&¥] ors found through welsearches.

Soziale PersonenbetreuungHilfen Im Alltag (SOPHIA)

The Bavarian Region in Germany, through the company SOPHIA, offers a safety service for older
and handicapped peoplgttp://www.sophia-berlin.de/). The service includes connection to an
emergency coordination centre. Communication with the older pelisachievedhrough a TV

screen in the house. The service can also include support from a network of healthy volunteers
that provide social servicesh@ system includes an automatic fall alarm formed astch, and is
connected to a 24our alarm centre. The sensors in the watch also caléata on activity
patternsthroughout the day. No informatiois providedon reliability d fall detection or hav

activity data are used to assist decision making.

North Yorkshire County Council (NYCC) telecare and NHS Yorshire & York (NHS NYY)
telehealth

The North Yorkshire County offers tdlealth serviceghttp://www.nyytelehealth.co.uk). The
telecare and t&ehealh infiatives have been developed in collaboration with Tunstall Healthcare
(http://www.tunstall.com/). More than 100 projects are running across NHS organizations in
England, and this is one of the largedetbealth projects in Europe. The initiative is aimed at
remotely captumgand relayng physiological measurements from the home for clinical review
and early intervention. The systems used include automatic fall detection devices. The detector
will alertthe wearer when the alarm is activated, which the user can cancel at this point. If not
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cancelled, the detector will raise an alert to a centfidie system also hamanualpushbutton
system that the wearer can press to call for help at any time.

Scotish Telecare Programme Board (STPB)

STPB is another large initiative run by the Scottish Government
(http://www.jitscotland.org.uk/actionareas/telecarein-scotlandj)), and is a national strategy for
implementing telemedicine services. Several projectehasen run to establish and evaluate
parts of the services. In March 2011, there were 34,42043¥me care clients whalso had a
community alarm and/opther telecare service The service related to fall detection and
management includd use of pustbutton pendant alarms automatic alarmsanddifferent smart
house technology solutions.

Distress care AREION (TeleCare) Emergency Care

This is a comprehensive social service aimed to help elderly people and handicapped people to live
in dignity fttp://eng.zivot90.cz/4socialnisluzby/10tisnovapeceareion). The AREION emergency
service provides fall detection and management services. It is provided through control rooms in
different sites in the Czech regions. It has 1300 clients from 82 towns in seven Czeck regions. The
fall detection and management service includes use of push button pendant systems.

Nuvola IT Home Doctor

This is a service model provided by Telecom Italplialzoration with a hospital in Italy
(www.nuvolaitaliana.it/.../nuvolat-home-doctor/). The service monitors physiological and
biological data in order to provide the physician with information that can improve decision
making regarding optimal treatmenAt present, measurements of physiological and biological
data only include ECG and blood oxygen levels.

Telecare and remote monitoriong for older people in Veneto Region

TESAN operates telealarm and telemonitoring systems for more th@@people idtaly, and

has contracts with more than 70 public entitidgtp://www.tesan.it/en/e -health-
center/technology.htm). The service focuses on independent living, prevention, and mamitori

The system includes a platform and different equipment. The system includes a fall alarm service
based on a push button pendant and al2dur open alarm central.

Fitbit

The Fitbit® Trackew{vw.fitbit.com) is conmercial accelerometer based device which can be
attached to the waist in the small pocket of the users trousers or for women at the chest via the
underwear strap. Currently it is available for purchase at USD$99. The user can download and
examine their phgical activity and sleeping patter via an online system as well as stand software,
see Figure 10. Via the online system, the user can input information about their: diet, activity,
weight, sleeping habit, mental health, heart rate, blood pressure, blogasievels. The Fitbit
website provides an advanced programming interface that can be accessed by researchers and
clinicians to observe daily activities or a user and permits recommendations based on short and
long term trends in behavior.
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Figure 10- A sample of the product interface for the fitbit exercise tracker.

ISACTIVE

The objective of ISACTIVE (http://www.is-active.eu) is to devise a persesentric healthcare

solution for elderly with chronic conditieni especially people with COPDbased on the recent
advances in wireless inertial sensing systems. The project emphasizes the role of the home as care
environment, by providing redgime support to patients in order to monitor, setinage and

improve tleir physical condition according to their specific situation via a measurement system, see
Figure 11.

The contents of the measurement k

Figure 11- The ISACTIVE measurement system.

Figure 12- User feedback via the smart phone.

Through a homdased interactive exercise program sasge encouraged to exercise through

feedback delivered through their TV with dumbell exercises meaured via inertial sensors. Also the
users daily movements are measured using an inertial sensor and if extended periods of sedentary
activity are detected dy are encouraged to perform some exercise via a smart phone, see Figure
12.
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Distress care AREION (TeleCare) Emergency Care

This is a comprehensive social service aimed to help elderly people and handicapped people to live
in dignity (http://eng.zivot90.cz/4socialnisluzby/10tisnovapeceareion). The AREIN emergency
service providesall detection and management services. It is provided through control rooms in
different sites in the Czech regions. It has 1300 clients from 82 towns in seven Czeck regions. The
fall detection and management servigeludes use of push button pendiasystems.

Nuvola IT Home Doctor

This is a service modetovided by Telecom Italy in collatation with a hospital in Italy
(www.nuvolaitaliana.it/.../nuvolat-home-doctor/). The service monitemphysiological and
biological data in order to provide thghysicianwith information that can improve decision
makingregardingoptimal treatment. At pesent measurements of physiological and biological
data only include ECG and blood oxygen levels.

Telecare and remote monitoriong for older people in Veneto Region

TESAN operates telealarm and telemonitoring systems for ma@@3% 000 people in Italyand
has contracts with more than 70 public entitiggtp://www.tesan.it/en/e -health-
center/technology.htm). The service focuses on independent living, preventmd monitoring.
The system includes a platform and different equipment. $iistem includes a fadllarm ®rvice
based on a push buttopendant and a 24hour open alarm central.
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3 Development of telemedicine service modeld he rationale behind and
methodology to be usd

The review of scientific literature on telemedicine service models and additional web searches on
health-enabling technology and established telemedicine services in the area of fall detection and
prevention demonstrated an emerging field when it comt the use of new technology.

However, many service models have never reached the state of implementation. Furthermore,
details of the service models or documentation on the rationale behind the models are not always
described or detectable. Existingeehedicine services for older people are mostly manual
emergency call services, where fall detection and management is but one part of the service. Most
established services use push button pendant PERS, and the services are run by governmental
bodiesOnlys2 YS 2F (KS aSNIBAOSA FyR ASNWAOS Y2RSft a |
communication system. So far, most of the telemedicine services within the area of falls focus on
fall detection and managemenhot assessment of fall risk and exercise gnak

Based on the review of existing telemedicine services and service models, we will discuss the
rationale behind development of telemedicine service models in the area of fall management and
prevention through the FARSEEING project. Below, we fgktigiht several points for discussion.

A: Most existing services are within the area of fall detection and management

Most services identified through the searches of relevance fas, fattre on fall detection and
management. Two of the important aspsatonsistently missing in existing fall services and

service models are fall risk assessment and use of telemedicine for fall prevention and exercise
guidance. We only foundfew examples of service models that partially included physictity
monitorA Yy 3d® C2NJ SEIl YLX S dzaAy3d GKS zA@F3A2 41 G0KS
through estimated calorie consumption and a notification be sent to indicate deviation from a 4
week average, but the service does not include guidance of exercises.

Most existing services for fall risk assessment include clinical assessment of persons at risk of
falling and are not telemedicine services. The reasons why technology has not been used to
enhance decision making, improve communication between the oldeiopesisad the health care
system, or give feedback to the older persons on his/her own behavior, are numeral, for example
immature technology as well as lack of identification of important stakeholders and development
of good business plans.

Thus, in the FRSEEING project we aim at applying a-gsetered design and to identify

important stakeholders for development of the services. Because telemedicine service models for
fall risk assessment and exercise guidaeastto avery limiteddegree todate, wefind it realistic

to develop the models as proof of concepily. By applying a useentered design, using existing
services as a starting point for development of the new service models, and performing a
comprehensive stakeholder analysige argue thatwe can develogervice models that increase

the likelihoodof being implemented in real life after the end of the FARSEEING project.
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B: Few telemedicine services survive beyond the pilot stage

According to Zanaboni et g442], telemedicine applications are still in an early adoption stage and
represent immature technology. The authors state that telemedicine has a poor record for
implementation with a fragmented uptake. Reasons for this may be that the advantages for the
users have not been showatearlyenough,that the implementation of such servicégpically

follows a Sshaped logistic growth curve, aridiat the cost effectiveness a necessary but not
sufficient condition for adoption of the service.

These aspects can also be used to understand lack of implementation of telemedicine service
models in the area of fall management and prevention. Firstly, the advantage of applying
automatic fall detection has to be shovwm the users At present, algorithms to deteetfall from
accelerometer and gyroscope sensors are not precise enough. Within the area of fall risk
assessment, new services based on telemedicine have not been iepiednat all. In this area

GKS aidrk{SK2ft RSNRa NR{S IyR ySSRa KI @S G2 oS
area.

The argument about anshaped implementation curve for telemedicine services pinpsdimat

the implementationtakes time In the area of falnanagement and prevention, telemedicine is
relatively new when it comes to fall risk assessment and exercise guidance, and time itself may
thus partly explain lack of services in this area.

The third argument about cost effectiverseas a necessary but not sufficient condition forcass
of a telemedicine serviceras also shown for the Griffin Medical alarm
(http://www.medicalguardian.com/grifii-gamedicatalert-systemsfor-seniorg. To improve the
chance of success implementation, a maltilevel approachuser involvement from the very
beginning as well as proper stakeholder analysisy@to be a part of the planningnd
development

In the FARSEEING projege will develop the service models basedabapecific case, namely
existing practice in the municipality of Trondheim, Norway. iEt®nale behindhis is to increase
the chance of success by aiming at improving current practice, ttakingurther

implementatiors more likely to occurAlthoughit may be argued that developing service models
based on a single case malgeneralization to other places and servicasre difficult, we
nevertheless arguebased on the limited successiaiplementingservice models so far, that
learning froma successful cagaakes it easier to implement the models in new settings.

C The technology to be used in telemedicine services for fall management and
prevention is still immature

Body worn sensotechnology is relatively new and has so far only to a small degree been
implemented for monitoring of falls, activity level, and patterns in telemedicine models within the
area of falls. On the other side, telemedicine service models aimed at assesaltigdtatus in

cardiac patients and persons with Chronic obstructive pulmonary disease (G@R®yse of

body worn sensors to monitor and assess heart rate, blood pressure and oxygen sat[ir@tion
Sensors relevant to detect falls and monitor daibygical activity pattern include accelerometers
and gyroscopes. The reashat this sensor technology has not been implemented in the area of
fall prevention may be several: Reliable algorithms for detection of falls have not been developed
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yet,t howtowd S G KS Ay F2N¥IFGAZ2Y (2 AYLNROGS (KS (2RI &3
exercise guidance has not been investigated, and there isnstdhwork to be done on user
acceptance of wearing and handling these systems.

In order to overcome some dfiese shortcomings, the FARSEEING project aims to improve fall
detection algorithms by developing algorithms based on real falls instead of simulatedridllts
testthe service models comprehensively in usability laboratories, where the user perspedti
be one of the main areas of focus.

D: Technological platforms

Technological platforms refer to technologies that provide generic functionality for the developers
of AAL services. This includes hardware components such as sensors, but alacesoftw
components that can be reused such as database software or communication middleware.
Platforms are important because of two integlated reasons: 1) platforms promote

standardization and reuse and 2) platforms allow new services be developed basail-proven

and robust technology. A number of European AAL projects have partly worked on developing
platforms. The European project universAAL (28023) was initiated to consolidate the work on
these platforms into one reference architecture for AAlpldgments in Europe. This work is under
development and the reference architecture resulting from universAAL will still have a long way to
reach widespread deployment.

Developing platforms is in general a challenging affair. Platforms are by definitienused by

many actors. Therefore agreements and standards are difficult to reach. Often large commercial
actors push for proprietary platforms that in many cases become the de facto standards. In the
field of AAL open agreements and standards at softiewel are still premature and informal.
Therefore one challenge is the initiation of an iterative process of commbnitgding and
standardization. This is what is partly being done by the universAAL project.

Other challenges related to AAL platformsate to the borderline where AAL services end and

other services start. Aging is a long and gradual process. Risk of falling does not just emerge
overnight. Many of the people who will be the recipients of FARSEEING services are already
proficient users obther internet services. A good platform needs to allow for gradual introduction
of new services and interoperate with existing platforms. This is often a challenge for AAL. For
instance, a social fall service (as described in Chapter 4) will have tmtak®nsideration that

most of the family members of the person in risk are users of social and collaborative media.
Acceptance level of services that build on specialized platforms will not be high for these relatives,
which might at the end hamper th&hole value proposition from the service.

FARSEEING will not do any research on platforms for AAL or health, but will cooperate with
existing initiatives. A collaboration with universAAL is already in place where the methodology
used (Nidaros Frameworkees Chapter 5) is adopted from universAAL and promotes reuse and
platform thinking when building AAL services. Some components from the universAAL
implementation might be reused. In addition, FARSEEING will cooperate with the European project
OPTET where #&hfocus is on trustworthiness of AAL services. OPTET is built on universAAL and FI
WARE platforms.
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E Insufficient assessment of the gains of including the social network in the telemedicine
service models

Recent advances in mobile ICT and sensor teclgyadpen up for new care service models. One
LI2aadaAoAftAde Aa (2 |OGAQGATE Ay@2ft @S | y-igkf RSNE
Wellcore, and Halo Monitoring (see Sect. 2.5) are examples of systems that include informal
caregivers irthe care process in various ways. Such approaches may, in certain circumstances,
yield benefits such as reduced response time in emergency situations, increased safety for older
persons, and reduced concerns among close family members and friends. Gyinemtéver,

there is little knowledge about the factors that affect the acceptance of telemedicine services that
involve the social network of care recipients in the process. As part of the FARSEEING project, we
seek to identify the key value drivers andtential value conflicts among older people, formal
caregivers and informal caregivers in order to inform design of technology and services that
account for human values.

F: Failure to take into account the interests of important stakeholders

In telehomeare and telemedicine, challenges related the need to integrate new services with
services that already existist is regularly not taken into account. Most new telemedicine or
telehomecare services deliver a service that is of value to the service recipigmbhany other
stakeholders than the patient influence on whether such a service shall become available for
regular choice and use. This, we believe, might be one of the principal reasons why so many
telemedicine services fail to survive beyond the pditatge. We hypothesize that success of the
services to be established in the FARSEEING project will hinge on the ability to identify the
stakeholders and think about the services ecosystem in which the services shall live from the very
beginning of the pract.
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4 Telemedicine services to be developed in the project

The overall objective of WP5 is to develop and validate feasible telemedicine service models for
detection of accidental falls (Service 1), fall risk assessment (Seryvécel Dxercisguidane

(Service 3).

Both fall sensor and PERS are detailed in the IEEE StandardM 10@3r2Q08 The service
models presented in this document are aligned with the IEEE Standard-i1A73 +2@08 for a
fall sensor and a PERS messages

This section giveasn overview of how the three services are currently implemented in the
municipality of Trondheim, which is planned as tastlvalidation site for the services models
developed as part of the FARSEEING project. Based on models of how these services are
implemented in Trondheim today, we identify a set of improvement opportunities and provide a
description of how we aim to address each issue in the project. We also provide an overall
description of the envisioned service model developed as part of thisgrdfesearch questions
related to development of the service models are described in Table 1, Chapter 1.3.1.

4.1 Service 1: Detection and management of accidental falls

4.1.1 Description of existing service

Fall detection and management in the municipatif Trondheim is currently implemented as a
manual emergency call service. In order to activate the alarm and trigger a response from the
emergency call service, the user must push the button on a portable emergency alarm device,
which communicates withrainrhouse base station. Pushing the alarm button causes the base
station to telephone the emergency call center, and to activate a loudspeaker on the base station,
so that the user and the respondent at the emergency call center can communicate. Tloe &ervi

to a large degree comparable to other telemedicine services in this area that are described in
Chapter 2.4.

Figurel3 shows a higHevel service blueprint of how the manual emergency call service in the
municipality of Trondheim is implemented toglavith respect to detection and management of
falls. The bluepriritgives an overview of how the user, technolpgyd the emergency call service
(call central and ambulating personnel) interact.
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4.1.2 ldentification of improvement opportunities

In Figurel3 three improvement opportunities (marked I@103) with regard to the existing
service model are identified. They form areas of potential concern, which we aim to specifically
address in thdall detection and management service developed as part of the project. The
improvement opportunities have been identified through a combination of interviews with
personnel at the emergency care central in Trondheim, a functional walkthrough of thegxisti
personal emergency alarm system, and findings from an earliey $48} describing limitéion

with regard to the technology currently being employed for fall detection in Norwegian
municipalities. A short description of the three identified improvement opportunities follows:

I01: The user fails to activate the alarm

A user who has fallen mdyd it difficult to activate the fall alarm using the mobile
emergency device (Figug). This can for example be the result of injury or shock from
the fall, cognitive deficits, or failure to carry the mobile alarm device when the fall occurs.
Also, a ser will not be able to activate the alarm if he or she is located too far from the
base unit of the emergency response system installed in theQieeme, e.gwhen the
person is outdoorsOr the user prefers to wait for a relative or friend who is extpd to

arrive at a later time, as it has been reported that even when PERS users had the
opportunity to do so, they did not raise the alarm after a fall resulting in a-le{81].

I02: The user falils to provide status about his condition aftativatingthe alam

Depending on the location of the fall and potential obstructions (e.g., closed doors), a user
who has successfully activated the alarm may not be able to communicate with care
LISNE2YY St @Al GKS FEFNY ad2adSyQa efehazBall LS|
central about his/her statuas they may be unconscio{&0].

I03: Response time

The response time from a user activagan alarm to the help arrimg may be prolonged
depending on factors such as current availability of care personnel and traveicidia
GKS 2f RSNJ LISNA2yQad NBAARSYyOSo®

4.1.3 Description of intended work Automatic fall detection and distributed fall management

Through the FARSEEING project we aim to develop an automatic alarm service that will work both
indoor and outdoor. The sewé should make fall pronelderlypeople feel safer and give them

good and immediate assistance if a fall happens. A body worn sensor including accelerometers
and gyroscopes connectedrelessly or integratedo a Smartphone, or a Smartphone sexyas a
communication unifwill registerwhena fall happens. A fall will be recognized based on

algorithms developed through the FARSEEING project. This is a part of the work done by WP3 and
WP6 in the FARSEEING project. When a fall is registered, a messagméatieally sent to an

existing alarm central. For each person receiving the service it should be defined who should be
contacted when a fall happens (social network). The network will be automatically informed by an
app on the phone when a fall happen$ieTalarm central is responsible for organizing the help for
the older person, including choosing the appropriate response to the alarm. If the older person
needs assistance, the alarm service will send someone to help the older person.

The fall alarm wilbe developed to become a part of a future automatic safety alarm service for
older people. In addition to fall detection, the personal emergency alarm technology can include
for example a smoke detemtand a GPS tracking system. The development of thecgewill be

The project is cdunded by the European Community under the Information and Communication Technologies (ICT)
theme of the Seventh Framework Programme ER7#2013). Grant Agreement n°28&0.

SEVENTH FRAMEWORK
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done in close collaboration with the existing fall alarm service in the municipality of Trondheim,
Norway.

The next step in the project is to describe a validation plan for the service model (D5.3, MNTH 24).
The improvement opportunities deribed inChapter 4.1.2 will be used to guide this work:

IO1: The user fails to activate the alarm

Automatic fall alarms, using accelerometer and gyroscope seesaredded in

Smartphones or in small intertial bodyorn sensors with user interfaces vk tested

with respectto user friendliness by performing interviews and by running tests in the

dzal At AGE 102N G2NREP ¢KS FTSFHaAOAtAGE 27F
outdoor will be assessed used the same approaches.

102: The user figs to provide status about his condition afteactivatingthe alarm
Different ways of getting in contact with the older person, by use ud Ispeakers in the
house or by use of a Smartphone inside the home or outside will be tested through
interviews andsmall experiments in the usability laboratory.

I03: Response time

Focus group interviews and case scenarios with staff at the alarm central and in the home
care services will be performed to reveal relevant improvement opportuniBgsise of
interviews with users, relatives and health care personnel, we will also assess whether
notifying predefined family members and friends when a fall is registered imptbee

quality of the service and reduséhe response time.

A blueprint of how the envisionedesvice may be realized is shown in Figudelh the blueprint
an automatic fall alarm is included, and better practice with regards to fellpwf the older
persons who has fallen and the response time is highlighted.

Following a usecentered approachwe plan to design the proposed service in close interaction
with key stakeholder groupgsnoted above. Methods that may be useful in this context include:

1 Interviews of and focus groupswith key stakeholders

1 Formative usability evaluations of the tawlogy that are to be usedas part of the
proposed service

1 Smaliscale field experimds in which falls are simulated

4.1.3 Validation

As a summative evaluation, we plan to evalutite developed service iafield experiment

involving the emergency caresponse service in Trondheim municipality and 20 users and
informal caregivers in their social network (D5.4). The field experiment is planned to take place
from MNTH 2430 of the project. The service will be evaluated with respect to false alarms, time
to receive help for the person who has fall@amd the organization of fall alarm centrals (T5.6).
Details of the validation plan for the proposed fall detection and management service will be
provided in D5.3.
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Figurel4 - Service blueprint showgra hypothetical model of the fall detection and management service develapeariaof the FARSEEING project.
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4.2 Service 2: Fall risk assessment

4.2.1 Description of existing service

¢C2RIFI8Qa aSNWAOS 2y T ff NRA&|butisinti&edasyalegponsd & y 2
to a fallthat often hadresuledA y 'y Ay 2dz2NE® ¢KS 2f RSNJ LISNA2Z2Yy WA
older person to an falls outpatient clinic for a comprehensive cthissiplinary assessment. The
assessment includes dital medical assessment supported by blood samples and imaging
diagnostics, and tests of mobility, balanead muscle strength. After the visit in the falls

outpatient clinic, most patients are referred to exercise training in the municipality and are

followed up by physiotherapists, who also follow up on further assessment and decide when to

end the intervention.

4.2.2 ldentification of improvement opportunities
With respectto the existing servigave have identified the following opportunities for
improvement

I04: Time of intervention
C2RIF@Qa FILff NMa] afterandlier peohinasiabehINOI f £ & 2
a2ad0SYFTGAO S@lrtdzGAz2zy 2F FlLff NARaA]l Aa AYl
Identification of persons at risk of fallinigut who have not falleryet, or who have not
injured themselves because of a fall, may improve the service by reducing falls and
burdens related to falls for the older person and to reduce resources and costs related
to treatment and care for these persen

IO5: Assessment and decision on intervention
Today, decisiommaking on fall risk is based on clinical decision making based on results
from clinical medical assessment and performance tésgpically, 0 objective
AYT2NXIEGA2Y 2y civigy$eveRahd®ReBvitypdidSitiraighQuéithelday
is available. Furthermore, results from performance tests on balance and muscle
strength and selfeported health status are interpreted based on normative values
given from scientific papers andtheicf A OA I Yy Q& LINB DA 2 dz& SELISNR
processing of data for the interpretation of results wittspectto fall risk is used.

Figure B shows a blueprint of the combinembnventionalservices of fall risk assessment (Service
2) and exercisguidance(Service 3). The figure also shows which aspects of the service process we
aim to improve.

The project is cdunded by the European Community under the Information and Communication Technologies (ICT)
theme of the Seventh Framework Programme ER7#2013). Grant Agreement n°28&0.
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Figurel5 - Service blueprint showing a conventional fall risk assessment service
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