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EXECUTIVE SUMMARY

The overall goal of the SRS projexthe development andhe prototyping of remotelycontrolled, semiautonomous
robotic solutions in domestic environments to suppelderly people.

The aim of this deliverable i® analysethe SRSost-effectivenessjts ocio-economic Implications anthe ethical
issuegelated to the project and to the use of SRS system

Chapter 1 of this documerfbcuses orthe prospective costffectiveness assessment of S#Stem This ishased on

the application of validated costutcome assessment tools to purposefiefined use scenarioharacteristics of
effectiveness have been evaluated in the intensive user testing activity already performed. To complete effectiveness
assessment, ananswered Y SSRSR (12 GKS jdzSadAiz2yyY aLa&a GKS 2dzid2YS ¢
meansto evaluate the cost of the intervention, taking into consideration not only the financial aspect of a product
developed for assisting people but also its social costs, the sum of costs incurred by all [Btgrirsy from the
estimatedmarketprice (idantified in task 7.1and reported in Deliverable D7.1he socialcostof the SRS systetras

been calculatedwhichconsiders also the service mod#ie maintenance costthe assistance needeejc.. The long

term effectiveness of the SRS solutlmavebeen then examinedin comparisorwith other assistive dations, with the
objective to assess effectiveness of@miautonomousrobot assisting frail elderly persons to live independently in
their houses, versus different traditional care situations inclgdimursery home, family and / oprofessional
caregiving at home anthe use ofAssistive TechnologA() productslike SRS system or other commercial alternative
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products The costs of assistance amaf commercial products alternative to the SRS systemewrvestigated by
project partnersin some Hropean countries. Tie social cost of a neimtervention solutiong the retirement in an
assisted living facilitg has been analyzed to®n this basisSRS Investment cost, maintenance cost and cost of
services,were calculatedfor SRS to havenaacceptable cost compared to the alternative solutions considered
commercial alternative products amdtirement in an assisted living facility.

Chapter 2 analyse$e dhical issues arisen during the projeghich havebeendivided intwo main topicswhether

the project habeenconductedwith proper attention toethical issuesand which strategieshould beadopted to deal

with ethical issues possibly raised by e of therobot. LY 5mM®mlI ¢S RS hdse/iSues tRatidériceda | &
guestions about life (and death), about revealing personal data, revealing diagnosis, about daily care and guidance, or
about the application of protective or libeffB & G NI Ay Ay 3 YSIF Adz2NB&dé¢d wSaStkedDOK oA
specific ethical challenges and involves additional measures that are needed for such research to be ethical (European
Commission, 2010We adopted four well known principles regarding this topic: non maleficence, beneficence, justice

and respect foautonomy.Regarding strategies to deal with ethical issues possibly raised by the use of the robot the
following topics were analyzed: data protection and privaéggfety/accountability, Human welfare, Autonomy.
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1 SRSOSTFEFFECTIVENESSSESSMENISOCIGECONOMIEGMPLICATIONS

1.1 INTRODUCTION

Effectiveness is a term used by research methodologists when referring to the attributes of a new health care
intervention which if lacking may result in its rejection despite its efficacy and efficiefigyEffectiveness ealuation

of an intervention helps to understand ifriésponds to the initial objectivesvhich caused itDue to the pressure to
economize, increased consumerism and concerns about qualigtation to costs, the assessment of thatcome of
assistive technologiefhas been given increasing attention. Care providers and consumers increasingly require
evidence to ensure that a proposed new product not only works (efficiency) but is pracffeati(e). Makinga deep
analysis of theoutcome of an Assistive Technology (AT) provided has the purpose to enhance the outcomk itself.
seems to be a great challenge to demonstrate the efficacy of the application of new technology, to establish the
effectiveness of assistive technology over tjrteesteer the developrant of new assistive technolodgg] and also to
perform welldesigned studies that can deliveriégnce in terms of effectiveness in the assistive technology ff#ld

The increasing demand for evidence of the eeff¢ctiveness of AT productgeneratedseveralresearch activities in

this area[9],[10],[11],[12],[13] The need for costffectiveness evidence comes not only frgrmalicy makers and
financing agencies, who need such information to properly allocate resourcew axuahtrol how efficiently thg are

used, lut also fromhealth care professionals who are expectgthday more so than in the pastto be accountable

for the economic implications of their decisions or prescriptions. Indeed, rehabilitation professionals need to know
whether their ATchoices have proved effective within the rehabilitation programme, whether they have been useful
for the customer and have made efficient use of resources [14]. Studies on this issue began to appear in the literature
only recently. Andrich et al. (1998)d]ldepicted a conceptual framework for AT ceffiectiveness analysis.

Effectiveness on societal level is often considered in relation to costs, such agfeosveness. Then effectiveness is
regarded as thewhole set of benefits potentially resultingrém the introduction of any intervention. Common
effectiveness qualities that might be considered in the formal evaluation of new rehabilitation devices and equipment
are cost, convenience to the user (‘udgendliness’), and compliance with the locahstlards[3]. According to
Gelderblom & de Witte (20042], benefits @an be expressed in financial units, utility measures or outcomes. On the
other hand, costs are expressed in both financial and other terms, all following from the availability of the
intervention. The coseffectiveness of the intervention is then estabksl by weighing the benefits against the costs.

When the benefits of the intervention can be expressed in financial units, obtaining deostit ratio is easy.
Nevertheless, ithe assistive technologfjeld, decisions on the application of interventis are not so simple, because

of the complexity of assistive technology outcomes originated from a) the diversity in contributing variables, b)
outcome being a multidimensional concept, ¢) the embedding of an AT device, and d) the goals to be reacaed with
assistive device. The outcome of ATimade by a balanced positive effect on various dimensidaslitation of
activities of daily living, change in functional independence, user satisfaction, societal and individual gains, effects on
participation employment and social roles. Therefore, establishing the effect of AT may require more than one
instrument depending on the type of question underlying the assessii2ént

Costeffectiveness assessments have been conducted to study dtimvbrprosthesis interventior3], day care for
people with severemental disorders[4], dementia care[5] or tele-assistance integratedace for people with
amyotrophic lateral scleros[§], showing coseffective impact of assistive technologies in the daily life of thears.
Lansley et al. (2®)[7] alsoshowed that home environmental interventions and assistive technologies can substitute
for and supplement formal care in frail oldedwdts, and that in most cases the initial investment in assistive
technologies is recouped through subsequently lower care costs within the average life expectancy of a user.
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Mann et al. (1999]8] evaluateda system of assistive technology and environmental interventionrEABervice
provision designed to promote independence and reduce health care costs for physically frail elderly persors throug
a randomized controlled trial with a total of 104 horbased frail older adults assigned to 1 of 2 groups (52 treatment,
52 control). All participants underwent a comprehensive functional assessment and evaluation of their home
environment. Health careosts included costs of AHls; iRhome personnel, including nurses, occupational therapists,
physical therapists, speedanguage pathologists, case managers, and personal care aides; and institutional costs,
including hospitalization and nursing home sayorAT-Els, they included both the equipment cost and personnel
costs associated with assessment, training, and folipwAs a resulthe treatment group expended more than the
control group for AT and Els, the control group required significantly mxpenditures for institutional care. Results
indicate rde of decline can be slowednstitutional and certain ifhome personnel costs reducedhrough a
systematic approach to providing AT and Els. Authors concluded that assistive technology and taks pffenise of

more integrated services, including those that are preventive and support maintenance of independence at the lowest
level of care.

1.2 COSTEFFECTIVENESS EVALDAT

The objective is to assess effectiveness ofseantautonomous robot assisting frail elderly persons to live
independently in their houses, versus different traditional care situations including nursery home, family and / or
professional caregiving at homihe use of AT productgnd the absence of intervention. Wae fully aware that our

review presents significant challenges because it focuses on how a specific intervention could affect the daily life of its
users [3]. Furthermore, in a chronic sample in risk of dependency, the evidence for clinical effectigeness
reasonable for improvements in physical health but limitegbtolonging thetime stayingindependentlyat their own

home, as well as indirect benefits derived from staying of the frail old adult in his or her own place.

Because of that, we proposa analysis based on :

w F Ot AYAOILt FLIINBIFOKY O2yaARSNAY3I OKNRBYAO O2YLX AOL I
living (mild but constant, nonecoverable diseases), beyond interventions for concrete diseases, SRS looks for a wider
solution based on a mukliole remotecontrolled approach, providing solutions to the diversity of needs of a frail

elderly person living alone at his or her home;

W a financial approach: financial analyses must be included, since costs vary longitudimediygt expenses
and expenses expected in 5 years are different, and ignoring it would make our analysis unrealistic;

W a social approach: the role assigned to family members as potential reopatetors because of that, not
only paid professionals buatiso family caregivers have been included in the analysis.

A simulation has been developed in order to assess these assumptions about the effectivensssedflsonomous

robot assisting frail elderly persons. In this direction, the first thing to dbightask has been to explain the different
possibilities of home or institutional care for an elderly person with difficulties for independent living, taking into
account the different actors involved in the general context of the project explained ih Bihce the life expectancy

of a frail, elderly person is limited, we have taken a time reference of 5 years, instead of a longer period. The different
care options considered are based on the preliminary scenario included in the SRS Document of Worgh Aore
concrete situations have been developed within the project, scenarios included in DoW represent a wider and more
marketbased view. In our simulation, the user would be a frail elderly person living alone in her home. She is about
77 years olddr older). Since she needs some kind of help because of the increase in her difficulties in daily living,
decision has to be taken between several options in order to promote her independent living and quality of life.
Persons involved in this situatiomould be the elderly personfamily caregives, and traditional care providers
(professional caregivers).
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Sme characteristics of effectivenesmve already been evaluated in the intensive user testing activity already
performed now, to have a more completeffectiveness assessmeran answeris neededii 2 G KS |j dzS&a i A 2y
2dzi 02 YS 42 NI K .Adering tfiigaiestion h&ayisitieraluate the cost ttie intervention, taking into
consideration not only the financial aspect of a product develogedasistingpeople but alsdts social coststhe

sum of costs incurred by all playefite purchase price is not a meaningful indicator of the social cost. The social cost
depends to a large extent on how thessistive Devicis usedand on the environment, as well as on the role of the

device within the whole assistive program. The triad person / activity / environment, as well as determining the
criteria for choosing a particulassistiveSolution, influences the overall social cost

The most appropriate indicator of the cost of an intervention should take into account that:

W The costs are distributed among several actors: social cost could be seen as the sum of costs
incurred by all players

() Some costs have to be consideraslfixed (independent from the specific solution chosen), some
other costs instead are marginagpending orthe specific systerselectedfor care)

() The cost of the intervention has to be compared with the cost of “imb@rvention” : what matters
is the addition&costoccurring in this case

SCAKSIVA Cost Analysis Instrumé¢h@) is a specific instrument for social cost analysis designed to help clinicians
estimate theeconomic aspects of providing individual users with assistive technology solutions. It is an informative
instrument that, used during clinical assessment, makes clinicians and users aware of the economic consequences of
their decisions. It is designed telip in the estimation of the cost ofselectinga particularsolution for autonomy (aid,
personal care, environmental adaptations ...) and to economically compare the valieusative options

The{ /'L I ylfeaia R2Dads@intingbecyuies dh3helonk Vafd; it Wioll@® nfake the analysis
dramatically complicate; on the other harf@CAfocuses on theomparison betweerthe costs ofdifferent solutions

rather than on the absolute cost figures related to each solution. Indeed inflatidnd&tounting calculation would
affect only the absolute cost figures while their relative ratio (which is the actual focus of the analysis) would stay
unchanged.

CKS {/!L &aaz20Alft O2ai ¢ Servica DeRdrySistedihey ysaally looksjudt tie purcyffasd Jdzo f A (
price of the assistive device, which would seaha first glanceghe most logical indicator to describe whether an AT

solution is cheap or expensivanfortunately this perspectiveften leads to severe distorti@in the costoutcome

analysis.

ConverselySCAI estimates the additional social agsheratedby the chosen solution over a certain period of time.
This basically includes four cost categories:

() Investment: cost of purchasing the equipment and having it installed, personalized anctocash.
This also includes the provision of adequate training fordistomer

() Maintenance: running costs of technical maintenance; depending on the case, thisnciade
repairs, insurance, power supply, etc.

() Services: other services that may be needed in relation to the chosesolifion (e.g.a bulky
powered wheelchair might require specialized minibus transport instead of a cheaper ordinary bus).

() Assistancethe amount of human assistance needed in relation to the device (e.g. a pushchair works
only if a personal assistant is there to push), independently of whether that manpower is paid for, or
offered for free by relatives or friends or volunteers.
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SOCIAL COST
DIRECT COSTS INDIRECT
COSTS
MARGINAL COSTS FIXED COSTS
T
—Q COST OF INTERVENTION

COST OF “NON INTERVENTION"

ADDITIONAL SOCIAL COST

FIGUR 1: Types of costs considered in the SCAI analysis
In order to better explain the way in which SCAI instrument analyzes social costs, some definitions are needed:

W Social CosfThe set of all resources used in a certain periotinoé by all actors involved (e.g. family,
National health system facilities, City, volunteering, etg. ..)

W Direct Social CostThe total costs that can be recognized as directly related to the choice of that
particular solution

W Indirect costs:The total costs that can be recognizetwbt directly related to the choice of that
particular solution whichindeedare present whatever solution is chosen,

W Fixed costs: The costs which are related to the particular solution but which are present in the same
amountwhatever the solution is,

W Additional SocialCost Cost Difference between the social cost of intervention, and that in the
absence of intervention. This difference can be>0 (investment), zero (moving resources) or <0
(savings)

Expenditure The actual outlay of money by the different8oA y' I y OAy 3da | Ol 2 N&
Time horizonFor how many years the costs need to be accounted for:

o Clinical duration: Within the time horizon, how many years that typADiill be useful to the
user,

0 Technical durton: lifespan of the system

The most intriguing issue is abouthat scenario should be considered ésy AW G S NJJ Qvhirdsieef 0 SRS
variousoptionscan be considered

W simply no help at homévhich impliedoss ofautonomy andhe relatedethical consequences
W a human caregiver at hom@hich howevemayimply loss of privacy
W moving toan assisted living facility.

The SRS, in conjunction with other act@msuld represent an interesting alternative.
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In the following chapters, aost comparison between the introduction of SRS and the use of clytardilable tele
alarm, tele-monitoring and telepresencesystens will be provided Indeed hese systens currently represent the
most comparable and widespread technological alternatteethe innovatve solutionproposed bythe SRS system

1.2.1 PRODUCDEFINITION

Before starting with SCAI analysis, the main features of SRS Product are reported.

SRS is a service rdtable to provide frail elderly people witihe assistance they need to prolong independent living

at their own home. The robot can find and bring objects that are placed in different places at home to elderly people
with mobility difficulties due, for exaple, to arthritis, Parkinson's or other common diseases of old age. The robot can
also help the elderly to initiate a video calith a healthcare professionalbr family membersto allow them to
remotely monitor health condition®f the elderlyduring an emergency. The robot also offers help to authorized
healthcare/homecare providers and family members to 'virtually' enter an elderly persons home, checking around the
house and carrying out a 'natural visit' as if they were actually present in the house

1.2.1.1 USERS

The categoriesf people which interact with SRS systéathow:

1 Elderly people living in their original private home or in assisted living facilities such as sheltered
accommodation and retirement complewith the focus on independent livinghaving difficulties with
instrumental activities of daily living, prone to falling ibrthere is the occurrence of other emergency
situations

1 Informal caregivers (family, friends) caring for an elderly perasrspecified aboyend potential caregivers
who are willing to provide care but have so far been unable due to geographical distance (in Eheope,
nearest childof adults above 70 lives more than 1km aviay the 51% ofthem and more than 25km away
for the 16%[17],

1 Professional tel@ssistants, available 24 hours a day in a service center (can be current employees of home
tele-assistance centers for elderly people having received training for robot remottaagss)

1.2.1.2 SPECIFIEEATURESF THE SYSTEM

SRS system featuré&slow:

W Mobile platform: Cas-o-bot 3-Omnidirectional: Base size approx. 600 mm, overall height is around 1500
mm, four driven wheels, 1ion battery pack, laser scanners, and a PC for navig#ieks;

W Robotic arm: Schunk LWA3 modulab®F (120 mm max extension), connected to three finger gripper
with tactile sensors;

Retractable tray for carrying objects;

Motorized sensor head containing higésolution firewire (IEEE 1394) steredsion cameras and-B
time of flight cameras, enabling the robot to identify, to locate and to track objects and peop®in 3
These sensors are mounted on a 4 DOF positiomitigallowing the robot to direct its sensors to any
area of interest;

W Touch screen integrated in the tray, microphones, speakers, and colored LEDs;
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W Navigation system allowing the robot to find its way to locations in the home, avoiding humans and
obstacks;

W Image processing abilities allowing the robot to learn and later recognize and localize objects like bottles
or cups;

Ability to detect geometric environment features such as planes in order to identify tables or walls;
Ability to identify grasp cdigurations and plan arm movements to grasp objects autonomously.

Supposed Technical durationy8ars

1.2.1.3 HUMAN ROBOINTERACTIONEVICES
Each user group has a different device for interacting with the robot. The devices and their user interfaces scale in
their portability and capabilities:

1 UKLLOC: smartphonsized touchscreen device for local elderly user, portable but with only-teasge basic
functions focusing on autonomous robot services

1 ULPRI: tablet computer for remote caregivers, portable alwvdagts connected but larger, making some semi
autonomous navigation and grasping functions as well asapérated navigatioris possible

1 UKLPRO: PC with 3D interaction devices for professionalasdéstants, deskased with the widest range of
possibé interventions including teleperated grasping.

Autonomous +
semi-autonomous control

Buipiemioy jsey + s||ed 0apIA / olpny

Ajtoud uonesado Buiseatdag

FIGURR: SRS human robot interaction devices
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1.2.1.4 ROBOTSERVICES

Fetch, carry and manipulatioGrasping objects and delivering them to a different locatapening doors or pressj
buttons, theseare basic required functions of a manipulating robot and key to achieving a large number of other,
more specialized applications (e.g. objects low on the ground and high up are often difficult to asacheavy
objects can be problema).

Emergency assistanc&he elderly person places an emergency call (e.g., in case of a fall). A remote operator moves
0KS NRro2d (2 (dKS SYSNESyOeé t20IdA2y YR FaasSaasSa GKS K
operator can als use fetchcarry, e.g. to bring medicine, or open the apartment door for the ambulance.

To continue living at own homérail elderly people often need for some help, that of course varies according to the
specific difficulties of the person. However, qoaning needs of elderly people with difficulties that can now be solved

by some daily help offered by family or professional caregivers and security devices, the SRS system could represent a
good solution to give the elderly more independence loweringhatheanwhile the time dedicated by family or other
caregiversn assisting the elderly

However the SRS robeind other commercial product consideremuld not help with all activities of daily living
considered difficult for the elderly (e.g. helping péowith personal hygiene, accompany the elderly to take a walk,
make grocery shopping and prepare a full meal). For this reason the propdieedative solutions will take into
account the complementary presence of a family member or a professional topdoa some hours per daythe
number of hourglependson the services the AJolution considereaan provide

1.2.2 SCAARANALYSIS

A comparison between differenpossible assistive alternative solutiohas been madevith the help of the SCAI
worksheet some of them involve theSRS systerwith different personalassistancesettings provided either by
relativesor professional caregiveothers involve currently availablecommercialsolutions for remote assistancéy
means ofmonitoring, telealarms andremote communication Eachcommercial system neeadh different amount of
assistance to allow the eldery live autonomoudy and safelyn their home.

Finally the retirement to an assisted living facility haslso been consideredhs a possible alternative swion ¢ or
rather a nonintervention.

Telealarm systemsare systems which allow the elderly to press a button on a wearable remote control in case of
emergency thus to contact a telessistance service available around the clock. The SOS Center idémdifoegyin of

the call and activatethe emergency services required, providing them with all the information and putting also in
handsfree contact the emergency services and end users.

As hese systemgrovideonly partially the possibilitieef SRS, their usstill requirea higler level of assistancdérom
family memtkers or professional caregivers.

FIGURB: An exampleof commercial Italian telealarm system

TELESALVALAVITAanufactureBEGHELBL.p.A.)
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Community Alarm Unit Pendant Alarm

FIGURE: An example of commercial British telalarm system

KOMPANION YELLOW PACKA@ELUfacturer Seniorlink Eldercare LLP)

T L T
i I’r"n, :

FIGURBE: A ShanishSOSenter

Monitoring systemsusually monitor the person and higr living enronment, can operate even if the person is
unconscious, detechis/her movemens, his/her localization(even when the person isxiting a security area)
environmental datathe systemsanmemorizedata collected andir send SM3he elderly caralso trigeran alarm

CKA&a 1AYR 2F aeéadtsSvya R2yQl 3IAQS tye FaaradlyOoS a2
heavy), butby monitoring his/her movements and localizatiognimplies thatless hours ofurveillancewould be
necessary.

FIGURB: An example of commercial Italian monitoring system

CONTEXTFBARHEmanufacturer:Contexta Network Solutions

-/ 0
Community Alarm Unit Fall Detector

FIGURE: An example of commercial British monitarg system
KOMPANIONmanufacturer:Seniorlink Eldercare LLP
Remote communicationsystemsallow family membersand caregivers to put a call to check the elderly and his/her

home status, the elderly camso makecalk if assistances required.The system can movaroundthe home(maybe
controlled remotely andallow interaction with the resident there via videoconferencing
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CKA&d 1AYR 2F aeéaidtsSvya R2yQld 3IAGS tye FaaradlyOS G2 GKS
heavy), butby monitoring his/her status Hrough a video calit implies thatless hours ofsurveillancewould be
necessary.

FIGURB: An example of commercial remote communication system
GIRAFFmanufacturerGiraffTechnologies AB
1.2.2.1 DESCRIPTION OF DIFEERASSISTIVE SOONS

The assistive solution can be obtained combining different assistive devices and personal assistance in various
guantities the alternative solution of the elderly person retiring in an asslidteing facility is also consideretihe
progressivenumbers associated to the different solutions will be reported in the cost analysis simulation using SCAI
worksheet reported in parl.2.2.2

1.2.2.1.1 SOLUTIONL: SRS FAMILY

Elderly at home:

W SRS system purchdsmt,
W 24 hour teleassistance service adoption,
W family assisting for specific activities 2 hoBBsminutesper day at home an80 minutesas remoteoperator.

An example of daily routine:

Actors:

Elderly grson Mrs. Rosa 77 years old

Daughter of Mrs. Rosa: living in the same city of the mother, helping her in the daily routine
Son of Mrs. Rosa: living in another city, helping his mother aa8r§RS remote operator

Professionatele-operator: tele-operator of the 24h service, helping Rasanotely with emergencies or other tasks
not involving family.

Early morning The daughter of Mrs. Roghefore going to workgoes to her motheR Bouse, clecks her health
status, helps her with her main difficulties while toileting, prepares medicines she has to take during the day and
preparesthe lunch so that Rosa will need only to heat it.

Late morning ¢ 2 OKSO1 AT S@SNE( Ktlheysah inkiates frofn Xk @Bdkkplacé adirequedtdor 2 a K :
remote session with SRS during a pause. Rosa accepts the request on the portable communication device and the
video communication is established. Rosa states that tstagis not feeling well, unable tget up to reach some
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water for taking medicines forher needs. The son sends the robot to the kitchen, makes it bring the medicine, a glass
and a bottle of water to hemum. Rosa and her sogreet each other and agree to contact each other later.

AfternoonY w2 &l R2Sa y2i ¥SSt alr¥S OtAYoAy3d | I RRSN® {KS
disturb a relative for this task, knowing that they are all at work, so Rosa calls directly for a professional remote
operator. A remote operator amgers the call,Rosaexplains that she was not able to fetch the desired book. The
remote operator uses the professional manual mode to make the robot grasp the book and brinBdsaoT hey

greet each other and the call ends.

Late afternoon The daughte comes back to her mother houséhey go outside for a short walk and to buy
something for the dinner.

Evening ¢ KS RIdAKIGSNE NBIFIOKSR o6& (GKS NBad 2F KSN) Tl YAfe@
Finally she checks that everythirmgak for the night, sagoodnight to Rosa and gghomewith her family

Night: Rosa needs to go to the bathroom but feels bad on the.\8&efalls, and unable to get up again. With the
RSOAOS akKS |ftglea OF NNRSA | NHEghyaway, a8dlds plé&céita thedduSteleO I £ f &
assistance center. The 2wur center first accepts the call, then following Rosa dire¢tsmmds the robot near her.
Because Rosa can no longer move the legs due to strong pain, the two decide to odbdanae and the family. The

remote operator keeps monitoring and talking to Rosa until someone arrives at home. The daughtearned in
the meanwhile shejoins the remote session just to reassurer mum thatshe is already coming in person.

1.2.2.1.2 SOLUTION2: SRS PROFESSIONAL CARERIVE

Elderly at home:

W SRS system purchdsmnt,

W 24 hour teleassistance service adoption,

W professional caregiver assisting for specific activities 2 H#Qirsinutesper day at home,

W family assisting 30 minute per dag eemote operatoor during visits helping in daily activities

An example of dailyoutine:

Actors:

Elderly mrson Mrs. Rosa77years old;

Francesca: Professional caregiver, helping her in the daily routine

Son of Mrs. Rosa: living in another chig)ping his mother acting as SRS remote operator

Professionatele-operator: operator of the 24h service, helpingmotely Rosa with emergencies other tasks not
involving family;

Daughter of Mrs. Rosa: living in the same city of the mother, goinvisttthe mothertwicea week
Early morning Mrs. Rosa gets up, prepares and takes her breakfast, and seats on the sofa tdWatch

MorningY ¢2 OKSOl AT SOSNEBGKAY3I A& FENARIKG G w2al Qa K2YS
session with SRS duringbaeak Rosa accepts the request on the portable communication device and the video
communication is established. Rosttes that todaysheis not feeling well, unable to get up fetch drinks, and
cannottake medicine whichshe needs. The son sends the robot to the kitchen, makes it bring the megligigéass

and a bottle of watefor her. They greet each other argjree to contact each other later.
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Late morning Francesca arrives, checks Rosa health status, helps her with her main difficulties while toileting.
Francesca and Rosa go outside for a short walk and to buy something. Back home Francesca cooks lengbinBefor
away she prepares the dinnéso that Rosa will need only to heaup), and preparesthe medicinesRosawill have to

take in the next 24 hours.

Afternoon: Rosa does not feel safe climbing a ladder. She wants to fetch a book on a shelf butZhé Gde & y i
disturb a relative for this task, knowing that they are all at work, so Rosa calls directly for a professional remote
operator. A remote operator answers the call, and she explains that she was not able to fetch the desired book. The
remote operator uses the professional manual mode to make the robot grasp the book and bring it to her. They greet
each other and the call ends.

Evening The daughtehas a late shift and it o late to visit the motherso she just makes her a phone call after
dinner.

Night: Rosa needs to go to the bathroom but feels bad on the way, falling unable to get up again. With the device she
Ffglea OFNNASaAa | NRPdzyR KSNJ ySO1=X aKS OF f-hoar tele&syistaNgE Sy O ¢
center. The 24our center first accepts the call, then following Rosa direction sends the robot near her. Because Rosa
can no longer move the legs due to strong pain, the tlegideto call an ambulance and the family. The remote
operator keeps monitoring and talking ®osa until someone arrives at home. The son, warned in the meanwhile,

joins the remote session to verify what happens. The doctor arrives, verifies that she is feeling better and decides that

it is not necessary to take her to the hospital. Rosa goegtband talks a little more with her son through the remote
session, they greet each other and the call ends.

1.2.2.1.3 SOLUTIONB: TELEALARM+ PROFESSIONAL CARERIVE

Elderly at home:

W Telealarm system for reniplus service,
W professional caregivdor specifc actvities 5 hours30 minutesper day at home,
W family helping in daily activities 2 hours twice a week.

An example of daily routine :

Actors:

Elderly grson Mrs. Rosa , 8years old;

Francesca: Professional caregiver, helping her in the aaitine;

Professionalele-operator: operator of the 24h service, helpirgmotelyRosa with emergencies
Daughter of Mrs. Rosa: living in the same city of the mother, goimisttthe mothertwice a week
Morning: Mrs. Rosa gets up, prepares and takes lireakfast, and seats on the sofa to walich

Late morning Francesca arrives, checks Rosa health status, helps her with her main difficulties while toileting.
Francesca and Rosa go outside for a short walk and to buy something. Back home Francedoaatnok

Afternoon: Rosa does not feel safe climbing a ladder. She wants to fetch a book on a shadkaiadancesda do it
for her.Before going awalfrancescgrepares the dinnefso that Rosa will need only to heaup), and the medicines
she wil hawe to take in the next 24 hours.

Late afternoon:Left alone Rosais not feeling wellwith the device she always carries around her neck, pressing its
odzi2y>s akKS OlFftfa aSYSNHSyOe@ ¢ ourweledskisiande gdntePhe $0OS Génfef A a
identifies the origin of the call and activates an haffid® call to check the situation, Rosa is not close to the hands
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free calling device but can talk to each other with the operaétlis how she feels. The operator checks the medicine
list Rosa has to take during the day and talking to R@ka operatorealizesthat she did not take one of thkey
medicineshencerecommends Rosa to takeribw and to make another call $he willnot feel better.

Evening The daughtehas a late shifand it istoo late to visit the motherso she just makes her a phondlcter
dinner, Rosa tells her about the alarm call she made in the afternoon but says that now, after having taken the
medicine, she is feeling better.

Night: Rosa needs to go ttvé¢ bathroom but feels bad on the wagheefalls andunable to get up again. With the
RSOAOS aKS |fgléa OFNNASA FNRdzyR KSNJ ySO1=Z LINBaaAy3a A
the 24-hour tele-assistance center. The SOS Ceidentifies the origin of the call and activatashandsfree call to

check thesituation; Rosa is not close to the hantfee calling device but can talk to each other with the operator.
Because Rosa can no longer move the legs due to strong pain, thdetide to call an ambulance and the family. The

remote operator provides the emergency service with all the information and keeps talking to Rosa until someone
arrives at home. The daughter, warned in the meanwhile, comes over and waits for emergencg seétfirer

mother.

1.2.2.1.4 SOLUTION}: SMART HOME MONITORISGSTEM PROFESSIONAL CARERIVE

Elderly at home:

W Telemonitoringsystempurchase
W professional caregivdor specific actiities 3 hours30 minutesper day at home,
W family assisting. hour30 minutesper dayin presence or from remote

An example of dailyoutine:

Actors:

Elderly grson Mrs. Rosa?{7years old;

Daughter of Mrs. Rosa: living in the same city of the mother, helping her in the daily routine
Son of Mrs. Rosa: living in ahet city,assising his motheifrom remote;

Francesca: Professional caregiver, helping her in the daily routine

Early Morning Mrs. Rosa, wearing amitoring system sensergets up, prepares and takes her breakfast, seats on the
sofa to watchTV. The daughter receivemessagedrom the monitoring systenreporting that her mother is not
feeling wel] the daughterphones Rosaand realizes thaRosaforgetsto take her medicines, recommends her to take
them, greet each other and agree to hear eatheo later.

Late morning Francesca arriveand helps Rosawith her main difficulties while toileting. Francesca and Rosa go
outside for a short walk and to buy something. Back home Francesca cooks lunch.

Lunchw2 al Qa4 a2yxX K2 NB G&as@r&iRheingnitdiirig Systyh@oNIAN bgeh resSusealy his
sister that their mother took medicinealready and felt better, he calls home to check if everything is alright,
Francesca and Rosa confirm himtttiee mother is feeling bettenow.

Afternoon: Rosa does not feel safe climbing a ladder. She wants to fetch a book on a shedkakaancesda do it
for her.Before going awalfrancescgrepares the dinnefso that Rosa will need only to heaup), and the medicines
she will hae to take inthe next 24 hours.

Evening w2 al Qa &2y RA RmegsadesromBh® SiénitoBng bygtémheYiakedsSa phone call to his
mother, and confirmed everything alright.
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Night: Rosa needs to go to the bathroom but feels bad on the way, falling unable to get upTgainghthe sensors
she alwayswvearsthe monitoring systemdetects a dangerous situation arsnds anautomatic alarm to thesons
indicating the room where Rosalesying on the floor. The daughteeactes Rosa shecan no longer move the legs
due to strong pain, the two decide to call an ambulance.

1.2.2.1.5 SOLUTIONS: REMOTECOMMUNICATIONYSTEM PROFESSIONAL CARERIVE

Elderly at home:

W Remote communicatiosystem,
W professional caregivdor specific actiities 4 hours30 minutesper day at home,
W family communicatingl hourper dayfrom remote.

An example of dailyoutine:

Actors:

Elderly grson Mrs. Rosa?{7 years old;

Son of Mrs. Rosa: living in another c@ggmmunicaing his motherfrom remote;

Francesca: Professional caregiver, helping her in the daily routine

Early Morning Mrs. Rosa gets up, prepares and takes her breakfast, and seats on the sofa ta'Watch

Morning: To check if everything is alrightwt2 8 Qa4 K2YS>S (KS a2y AyAGAIFIGSE FNRY
communicationduring apause. Rosa accepts the request, the device reachesarmithe video communication is
established. Rosa states that today is not feeling viellasks her iflee took her medicines this morning and realizes

AKS RARYQiU3Z KS NBO2 hy@estreach dtemihdiagree folcdntict énéh Stifer later.

Late morning Francesca arrives, checks Rosa health status,is feeling better nowhelps her with ler main
difficulties while toileting. Francesca and Rosa go outside for a short walk and to buy something. Back home Francesca
cooks lunch.

Afternoon: Rosa does not feel safe climbing a ladder. She wants to fetch a book on a shedkakdancesda do it
for her.Before going awalfrancesca@repares the dinnerso that Rosa will need only to heatand the medicines she
will hawe to take in the next 24 hours.

Eveningy w2 a linflaies ffioth yhishousea request for a remote communication. Rosa accepts the request, the
device reaches her and the video communication is establighastything is alright.

Night: Rosa needs to go to the bathroom but feels bad on the way, falling unable to get up agaughrtheremote

control she always carries the system sersdsequest for a visit to her soffheson accepd the request, the device
reaches Rosdahe soncommunicates with her tellinger that he will call an ambulanc@&he doctor arrives, verifies

that she is feeling better and decides that it is not necessary to take her to the hospital. Rosa goes to bed and talks a
little more with her son through the remote session, they greet each other and the call ends.

1.2.2.1.6 SOLUTIONG: TELEALARM+ SMART HOMBONITORNGSYSTEM PROFESSIONAL CARERIVE

Elderly at home:
W Smart home monitoring syem,

W tele-alarm system for rent plus service,
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W professional caregivdor specific actiities 3hours per day at home,

W family assisting hour30 minutesper dayin presence or from remote

An example of daily routine :

Actors:

Elderly mrson Mrs. Rosa77years old;

Daughter of Mrs. Rosa: living in the same city of the mother, helping her in the daily routine
Son of Mrs. Rosa: living in another cégsising Hs motherfrom remote;

Francesca: Professional caregiver, helping her in the daily routine

Early Morning Mrs. Rosa, wearing amitoring system sensergets up, prepares and takes her breakfast, seats on the
sofa to watchTV. The daughter receivesmessage from the monitoring systenreporting that her mother is not
feeling well phones her and realizes that she did not remember to take her medicines, recommends her to take them,
greet each other and agree to hear each other later

Late morning Francescaraves and helps Rosawith her main difficulties while toileting. Francesca and Rosa go
outside for a short walk and to buy something. Back home Francesca cooksvugch.l Q&ho geéiyeHin the
morning messages from the monitoring systertoo, had been reassuredby his sister that their mother took
medicines and felt betterhe calls home to check if everything is alrightancesca and Rosa confihim that the
mother is feeling bettenow.

Afternoon: Rosa does not feel safe climbing a ladder. \B#ets to fetch a book on a shelf aadks Francesda do it
for her.Before going awalfrancescgrepares the dinnefso that Rosa will need only to heaup), and the medicines
she will hae to take in the next 24 hours.

Evening w2 al Qa @&cgiveany Rarikmeysageé fromdthe monitoring system, and makes a phone call to his
mother, everything is alright.

Night: Rosa needs to go to the bathroom but feels bad on the way, falling unable to get up Bygainghthe sensos

she alwayswvearsthe monitoring systemdetects a dangerous situation arsnds anautomatic alarm to her sons
indicating the room where Rosa is laying on the fldaorthe meantime \ith the device she always carries around her
ySO13Z LINBaaAaAy3a Ala o dzitiaRay, & call ik Baced tofthe -Bburde® asSistaAcE yetérThe wA 3
SOS Center identifies the origin of the call and activateandsfree call to check theaituation; Rosa is not close to

the handsfree calling device but can talk to each other with thygerator. Because Rosa can no longer move the legs

due to strong pain, the two decide to call an ambulance. The remote operator provides the emergency service with all
the information and keeps talking to Rosa until someone arrives at home. The daughieris warned in the
meanwhile calls her mother and decides tmme overandwait for emergency service withem maher.

1.2.2.1.7 SOLUTION: RETIRINGN ASSISTEDVINGFACILITY
Thelast possible solution considered is the retirement of the elderly person assisted living facilityn fact, even if

the frail elderly is autonomous in many activitibg, or shewould find assistancia an assisted living facilitfhey can
not be left alonefor difficult activatesin case of fall or faint.
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1.2.2.2 SCAWORKSHEEFROM A SPECIFIC EXAEHO A GENERAL CESPOTHESIS

The SCAI worksheet is composed by different sectiorthe first ong reported inTablel, analyzing the situation of

the typical SRS useéhe caseand the objectives to be reachede described

Clinical background

Frail elderly persohaving difficulties with instrumental activities of daily living, prone to falling or there is the
occurrence of other emergency situations

Personal and social background

Elderly persoriving in original privattiome. He/shekeeps living at home desp& needing assistance from family
members and/or professional caregivers for some hour edesy

Objectives of the programme

Autonomy and safety at home.

Expected developments in case no intervention is carried out

Moving to assisted living facilities.

Expected results in relation to individual expectations

For elderly peopleKeep living at home, increasing autonomy in activities of daily living, increasing safety.

Expected results in relation to family (or primary network) expectations

For thefamily membersMonitoring and better managing emergency situatpgiving assistance around the cloc

Expected results in relation to expectations of the caring professionals

Decreasel need to resort tassisted living facilities.

Expected results imelation to expectations of the community

Optimizationof the communityhome care network

Time span of the analysis| 5 years Time considered long enough for a social cost analysis

Clinical duration 5 years Time indicated to consider stable heattindition of an elderly people

TABLH ¢ FIRST PART OF THEISWORKSHEET: INDRAITORY INFORMATION

An analysis made by project partners brought to traues, reported inrable2, of costs of assistance in ItayT)

Spain(ES)and Great Britai(GB) The costs for assistandey relativef ¢ KA OK R2y Qi Ay @2f @S

(expenditure) have beervaluatedwith the same hourly cost of professional caregiver.

Valuation of personal assistance costs Hourlycost | Hourly expenditre
FamilylT 10 euro

Professional caregivet 10 euro 10 euro

FamilyES 10,6 euro

1 A ) . ) . .
Costs of human assistance are based on Italian current values and are based on national contract of home professiceral @addgta furnished by service
companies
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Professional caregiveE$ 10,6 euro 10,6 euro
FamilyGB 16euro
Professional caregive®B 16 euro 16 euro

TABLE ¢ VALUATIONDF COST ASSISTENE ITALY, SPAIN BIGREAT BRAIN

The analysis made in the exploitation plarhose resultsare reported in D7.1led to an estimatedSR$urchase price
2T H p AtROLA Thepossiblecostof SRS annual costs fmaintenance(power supply + technical assistance) and
services gvailability of a remote professional operator Jdrem ®nnn € lregpectivelythesSRS tdmical
duration has been seto 5 yearsbecause it has been presumed that after that period technologitablescence
would cause thaneedto purchasea next release of the product.

As the timespan of our analysigverlaps perfectly wittthe SRS technical duration, no residual value for the product
would be present at the end of the period.

Based onthese assumptiog) a social cost analysisas been carried out with the help othe SCAI worksheet, as
reported inTable3 and Table4.

The scenarioanalyzd in Table3 involvethe use of theSRS systenthe social costof the two solutionsdescribed in
Paragraphd.2.2.1.1and 1.2.2.1.2have been evaluated for the three countries considerdte amount opersonal
assistanceneeded bythe elderly person can berovided totally by the family(solution 1) @ by the family plus
professional caregiver(solution 2). fie cost analysigevealsthat ¢ if the total amount of hours of personal assistance

is the sane, as one may reasonably expeicijependentlyof whois providingt i KS a2 OAl t 0O02aid R2S
if the expenditureis different (the time spent bythe family must be considereth the economic analysisyen ifit has

no financial impact)

Qx

3

¢CKS NRBg a@Fftdzr A2y 27F | aaAwithinthye@distriedcgnsidetedtlie Sveragevhliedf2 NB & S
personal assistance need@dconjunction withSR&ccountstoc ¢ dnnne @

"Perspectivas de futuro de los servicios de atencién a la dependencia. El Servicio de Atencién a Domicilio (SAD)", d4adirmz Msé Luis (2008), n.p. Deloitte
page: 4159

3 . . o
Laing & Buisson, Domiciliary Care Uatkét Report 2011
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Solution 1

Solution 2

Solution 1

Solution 2

Solution 1

Solution 3

SRS + family(l

N

SRS + prof.care|
at home(IT,

SRS + family(E]

SRS + prof.care

S) at home(EY

SRS + family(GB)

SRS + prof.carg
at home(GH|

Parameters

Technical duration years
Recyclable ? (1>YES 0>NO)
Reusable ? (1>YES 0>NQ)

Investment

Overall cost € Hpbtbnnen Hpfi ®nnen Hpbd)nnt—:n Hp N dnnen Hpj‘l(bnnen Hp

Maintenance

Yearly cost € M{DI’I]’I!‘I @ Mm®dnannn e M*DJ'II'IJ'I € M®Panan e M{DI’IJ’I!’I @ M

Services

Yearly cost € H*D}'IJ'II'I € H nnn e H*Dflflfl € H®ANnN € H{DJ’II’II’I € H

Assistance family-IT

30
180

30
30

actions/month

minutes/action (+ waiting)

Assistance prof-IT

30
150

actions/month

minutes/action (+ waiting)

Assistance family-ES

30
180

30
30

actions/month

minutes/action (+ waiting)

Assistance prof-ES

30
150

actions/month

minutes/action (+ waiting)

Assistance family-GB

30
180

30
30

actions/month

minutes/action (+ waiting)

Assistance prof-GB

30
150

actions/month

minutes/action (+ waiting)

Investment cost € Hpnodnnne HpAPNNne Hpnd®nnne HpPpHAPNNNE HPpANPANNE HP

- Residual value

€ pnnn € pdnnn € p

M

+ Maintenance cost € podnnn € pPnnn € podnnn p

+ Cost of services
+ Valuation of Assistance

= Social Cost

Expenditure

€

€

€

€

Mn®nnn €
pn®nnn €
omMmpdnn ne

HCcp®nnne

Mn
pn
oM

oM

Mn®nnn € Mn
pT

OH

dnnn e
dnnn e

thdn n ne

pT®PHN AN €
OHHDHMNE
oM

dnnne HcpdPnnAne

dnnn €
dHN N €
H ®H N Ne

dnnne

Mn®nnn €
ycdnnn €
opmMm®dn n ne

HCcp®nnne

ycC
op
oM

TABLB ¢ SCAl WORKSHEET USEDCACULAESOCIAL COST SRSSYSTEM ADOPTIMTHE THREE COUNEERTAKEN IN EXAM

Table 4 showthe results of theSCARnalysis applied to various other commercially available solutions for remote
home care as described in Paragraph$.2.2.1.3 1.2.2.1.4 1.2.2.1.5 1.2.2.1.6 Possible alternatives have been
analysedin different countries(ltaly, Spain, GreatrBain) alongwith the related costs for home assistanby the
family and by professional caregivers.

Table 4 reveals that within the countries considered the averagevalue ofsocial cost of commercialsolutions
alternative toSR%ccounts to 110.006 @
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Solution 3 Solution 3 Solution 4 Solution & Solution € Solution §
TeleAlarm - TeleAlarm TeleMonitor 4 Remote comm. { Tele(alarm+monit| Tele(alarm+monit|
prof.careg. a prof.careg. a prof.careg. A prof.careg. a + prof.careg. af  + prof.careg. g
home(IT home(ES| home(IT home(IT home(ES| home(GB|
Parameters
Technical duration years 5 5 7 5 5 5
Recyclable ? (1>YES 0>NO) 1 1 1 1 1 1
Reusable ? (1>YES 0>NQ) 1 1 1 1 1 1
Investment
Overall cost | | € T‘{Dpnn € T4Dnnn | € N

Maintenance

Yearly cost

Services

Yearly cost

Assistance family-IT

actions/month

30

30

minutes/action (+ waiting)

120

90

60

Assistance prof-IT

actions/month

30

30

30

minutes/action (+ waiting)

330

210

270

Assistance family-ES

actions/month

30

minutes/action (+ waiting)

120

90

Assistance prof-ES

actions/month

30

30

minutes/action (+ waiting)

330

180

Assistance family-GB

actions/month

30

minutes/action (+ waiting)

90

Assistance prof-GB

actions/month

30

minutes/action (+ waiting)

180

Investment cost

- Residual value

+ Maintenance cost

+ Cost of services

+ Valuation of Assistance

= Social Cost

Expenditure

€ pnn
€ Mny dc nne
€ MNnohpdPmnne
€ hdbPpnne

€

€
TE
€
M®dpnn
MMp PMMC €
MMC PC McCe

MAac®nnne

T®pnAan €

H®mMnN o

pPnnn €

pndnnn €
Mnnan®oprTe

TpdPpnn €

hbhdnnn €
MnanohPnnne

pomdnnn €

TPnAnN

o®dnnn

€ nodpnan € M

ypdPycne
hnPocne

cmPTnn €

M H

MO

yT

TABLE - SCAl WORKSHEET USEDCRALCULATE SOCIASTOF COMMERCIAIOPRICT ALTERNATIVESRS
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Asmentionedabove, the social cost ofrmn-intervention solutiong the retirementin an assisted living facilityhas
to be analyzed tooA surveymade in Italy, Spain and Great Britéa to the valuesof costper yearfor assisted living
facilitiesreported inTableb. Table6 showsthe calculationof social costs, on theonsideredime horizon

Italy*

Spaint

Great Britaifi

29.548¢

HH®nYy|

oodPTtnc

€

TABLE ¢ COSTEER YEABF ASSISTED LIVINNERITIES IN ITAISPAIN, GREAT BRITAIN

Solution 7

Solution 7

Solution 7

Elderly in
living facility (IT

Elderly in assiste
living facility (EY

Elderly in assiste]
living facility (GB]

Parameters

Technical duration years
Recyclable ? (1>YES 0>
Reusable ? (1>YES 0>NQ)

Investment

Overall cost I |

Maintenance

Yearly cost I |

Services

Yearly cost € H(ﬁmpnya HchDnych 0 O

Assistance family-IT

actions/month

minutes/action (+ waiting)

Assistance prof-IT

actions/month

minutes/action (+ waiting)

Assistance family-ES

actions/month

minutes/action (+ waiting)

Assistance prof-ES

actions/month

minutes/action (+ waiting)

Assistance family-GB

actions/month

minutes/action (+ waiting)

Assistance prof-GB

actions/month

minutes/action (+ waiting)

Investment cost
- Residual value
+ Maintenance cost

+ Cost of services € MnT ®T N e MMH ®n N pe M cC

+ Valuation of Assistance

= Social Cost € MnT ®T N ne MMH ®n N pe MC

Expenditure € MnNT ®T N Ne MMH ®n N pe M C

TABLE - SCAl WORKSHEET USEDCALCULATHHESOCIAL COST OF ABSISLIVING FACILEIN THE THREE CORNEB CONSIDERED

1.2.2.3 SRSACCEPTABLIOCIAL COST

4 . . . - .
cost per year composed by a sanitary quota by Italian NHS, social quota by local administration and elderly person quota

5 INE, Instituto Nacional de Estadistica; Encuesta Imserso 2010; Martinez Meseguer, José LIRe(gpe&)vasle futuro de los servicios de atencién a la
dependencia. El Servicio de Atencién a Domicilio (SAD)" [Future pespective of the dependence care services:-TaeetSmmece]; Marti Vallés, Josep (2008). Estudio
inforesidencias.com sobre precios de residias geriatricas para personas mayores 2008" [Inforesidencias study about prices of-harsesyfor elderly people 2008]
Barcelona: Infopenta, S.L, pageB 7

6 . .
Laing & Buisson, Care of Elderly People Report 2011
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The conclsion of the analysis is summarized in this sectiénom the SCAI analysis lweowthat:

w Social cost = Investment costResidualvalue +Maintenancecost + Cost of services + Valuation of
Assistance

As the timespan of the analysigverlaps perfectlyvith the SRS technical duration, no residual value for the proguct
presentat the end of the periodwithin the countries consideredhe averagevalue of personal assistance needad
conjunction withSRScalculated as the average value of ValuatibrAssistance in the three countries reported in
Table3,isc c dnnne

Based on the figurghe reportcalculates SRS Investment cost, maintenance cost and cost oicestthat giveSRS to
anacceptable cost compared to the alternative solutiosslected

1.2.2.3.1 COMPARISOMITHAVAILABLEOMMERCIARPRODUCTS

For SR% be comparable to commercial prodgcits Social @t should be equal in valum the mean valueof the
social cost of thealternative products consideredm m 51 ®)n Wsing the averagevalue of Valuation of Assistance
needed with SRS in the three countriesc @ 5) wencarreplace some of the variables in the formula

Social cost = Investment casResidualalue + Mainteinance cost + Cost of services + Valuation of Assistance
MMNdaXcdb PpF., b pF% b ccdnnne

Where

X =SR3nvestment cost

Y =SRMMainteinance cost per year

Z =SR<ost of services per year

This means

1. in case of SRSfor purchase its cost should be 29.00@ &2 YIFI 1S Al O2YLI NIro6tS
products.

In fact:

Y=1lnnne

Z=2nnne

mmndnnne T - b pdPnnne b Mmand®nnne b ccdPnnne
Investment cost- I mmponamednoadnnne [ HpPAANE

2. in case ofSRSor rent, itsyearyNBy (i f 024G &dK2dzZ R 0SS toynn € G2 YI ]
products

In fact:
' ne
. mdnnne
Mmmndnnne I podnnne b pp¥% b ccdnnne
Costof servicesperyedt I O mpbdmanee@nnne Okp [ TOynne

Of course the SR&ceptablepurchaseprice would be doubled p y @ nifrity/could have a technical duration of 10
years¢ K I (1 Q& atdh® énld dzéh& 5yearsit would still havea residual valueas shown below:
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. modnnne
Y» T Hdnnne
MMNPANqQPek Mn 6 -0 b pdnnne b mMmndannne b ccdnnne

Investmentcost: ' 6 mAp/dPFmE®@-aa@nnne OFH [ pydnnnce

1.2.2.3.2 COMPARISOMWITHRETIREMENN ASSISTEDVINGFACILITIES

Theacceptablesocial cost of SRS could dlsoevaluatedin comparison to theetirement inan assisted living facility
The averagevalue ofthe annualsocial cost ofissisted living facilities in the countries considered reportetiablet is
143b n 5 whilethe averagevalue,within the samecountries, of personal assistance neededonjunction withSRS
isc ¢ @ sbn Jj B8 @p@Elace some of the variables in the formula

Social cost = Investment casResidual value + Mainteinance cost + Cost of services + Valuation of Assistance
143.01neX¢clb pfF, b pF% b ccdnnne

Where

X =SR3nvestment cost

Y =SR3ainteinance cost per year

Z =SR<ost of services per year

This means

1. In case ofSRSor purchas&@ A Ga O2al &aK2dzZ R 06S c H ®ovingito anassisted YI 1 S
living facility
In fact:

I' Mm®nnne

B

Yo T HDOANNE

mMmnodnnne I - b podnnne b mMandannne b ccdnnne
InvestmentcosY - ' wmpndondrmmeda-0 0 @n xmebnln n e
2. Ly OFasS 2F {w{ F2NJ NByidGsz AG&a &SIFINIe&e NByill ftoa®2ai
assisted living facility
In fact:
' ne

' Mmdnnne

5

MmMmndnnne ' pdnnne b pfF% b ccdnnne

Cost of services peryear % [ 6 pad o Abacatbmen venOdxnpn nle
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1.2.2.4 SR2.0- PRODUCDEFINITIONUTURKISION

In the long term, a new version of SRS welldeveloped, with technical features allowing a higher range of functions
and covering a broader market.

In synthesis the extended version would present the following feature

W More compact overall size of the robotic platform thus to be compatiblé wWie majority of private
homes;

Low cost platform, which has a similar price to a family car;

Improved precision and sensibility of the finger gripper to enable fédarryfunctions of wider range
of objects;

W UILOC application integrated also into thray of the robot, enabling robot control and videall also
through the robotic platform tray;

W Improved accessibility features of robot interfaces to allow the use of timtrto a wider range of
people, for example peopheith disabilities

W Increased nmber of robotic functions, increasing the multitasking peculiarity of the system, such as the
standing up assistance function, the reminding timtand thereading function.
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2 ETHICALSSUES

2.1 IS HEPROJEXETHI®

Ly 5moédml 6S RSTA yaBs thaticdhded guestiéns abouft life (aiddki&ath)S about revealing personal

data, revealing diagnosis, about daily care and guidance, or about the application of protective ofrébgining

YSI adzNBaé¢d® wSaSlk NOK ¢ A ( sspeéidzetylical Nialerigés ard daooRaSdiidnal meayurds A O ( S
that are needed for such research to be ethical (European Commission, 2010). In D1.1 we also adopted four well
known principles regarding this topic: non maleficence, beneficence, justice arettdspautonomy.

1. Non maleficence. Considering non maleficence as the general operation of the device not harming the
participant or put him or her under unacceptable risk, this principle has been covered within the SRS project
through the safety analysi®nducted during the whole project (deliverables D2.1 and D1.4).

2. Beneficence. Considering beneficence as the benefits obtained by the participants from the operation of the
device according to his or her own conception of the good, this principle hasdmemed within the SRS
project using UseCenteredDesign methodologies through work packages 1, 2 and 6.

3. Justice. Considering justice as the legitimate interests of third parties and no incorporation of any bias based
on gender, culture or nationalitythis principle has been covered within the SRS project & ahalys
conducted in tasks 6.4 SRS @=ff¢ctiveness Assessment & Seempnomic Implications and 7.1.
Exploitation of commercial potential of the developed technology.

4. Respect for autonomy. dbsidering respect for autonomy as the main support for the capacity for self
determination, the project has takethis principle into accounas followsthe participation in the study and
the general operation of the device was based upon a procesdasfried consent and the participants right
to control his or her personal information. Participants to user tests and focus groups where informed so that
they could understand the topics and the objective, questionnaires were simple and gave the oppddunity
collect free expressiongarticipantscould express their opinion in autonomy without being influenced by
researchers or other people present, this principle has been covered within the SRS project with the Data
Protection Plan and complementary act®explained in D1.1a appendix 7.

No deviation from the SRS Data Protection Plan has bseserved.In order to reinsure data protection,
Confidentiality Agreement was signed between user partners about sensitive data storage and exchange procedures.

Regading ethical approvah Spairfrom the Matia/Ingema/Urkoa Ethics Committee, Ingema Foundation obtained its
official approval about testwith users before the starting of the usezquirement study (D1.1a, MS1). In the second
year, Ethics Committees werfelly informed about experimental protocols, informed consents, authorization for
video recording documents, the documentation about sensitive data storage and exchange procedures.

In Italy, he researchersof Don Carlo Gnocchi Foundation at the beginnafighe project prepared a complete
documentation aboutthe project (including aim, methodology of tests, informed consent, documents for privacy,
R20dzySyda F2NJ LA OG dz2NB & k @A RS 2FDRGGHEh&abRfitted ik BrgeXto achieyah & dzo Y
official approval about tests with users (D1.1a, MS1). Then during the second year, an addition to the first
documentation was made including methodology of tests with the robot and new informed consent to obtain
approval again.

In Germany, the ethicapproval was obtainedly Stuttgart Media University (HdM) for SRS related users study at the
beginning of the project and covers whole period of the project.
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2.2 STRATEGIES DEAL WITETHICAISSUEBOSSIBLRAISEBYTHE USE OFHE ROBOT

2.2.1. DATA PROTECTI®ND PRIVACY

Data protection and privacy is one of the most important ethical problems to be addressed about assistive
technologiesit is important for users to understand the benefits of monitoring technologies since these benefits have
to be balanced wih concerns about privacy. Assistive technologies could potentially alter the way in which issues
related to privacy and technology are perceived, since it is required to store different kinds of personal information
(lay-out of a home and its contents, spial needs related to disabilities or illnesses, interaction style preferences,
individual differences in comfod LJ- G A | £ 1 sPoged ér Tised deliperafely by currently existing technology
[19]. In the EU context, there is an explicit recognition of a right to privacy thrmlhuman right is recognized or
recalled in various legal instruments specifically dealing with data protef2{j.

SRS has beatesigned to assist the frail older adults through remote human operators, who support the robot on
those tasks it cannot handeutonomously. Since the remote control function in SRS can be considered a monitoring
function, information about privacy has been extensively collected in the SRS user tpstdicinlar inproject tasks:

1.1 User Requirement assessment, elicitatiom &pecification, 1.6 Requirement of future remotely control service
robot in home care, 6.1 User validation on SRS Specification and 6.3 Iterative user evaluations of the SRS.

Information collected in the user requirement study, as the main source of aladait privacy and ethics within the
project, were analyzed in more detail Facalet al. (2012 [21]. Asalreadyhighlightedin D1.1a, results sheed

medium to high scores in questions regarding privacy, representing certain concerns about the usage of an assistive
technology remotely manipulated in the home of a frail elderly person. It confirms previous findings about services for
frail older aduis provided bysemiautonomoussystems[22] and highlighs the need of ensuring the protection of
privacy forthese potential vulnerable users. drestingly, these results are independent of sed@nographic and
experiencewith-technology covariates.

A list of theuserrequirementsabout Safeguarding of Privacy and Ethics developed through the User Requirement
Study (D1.1ais reported

1 R23 Onhauthorized persons have access to the remote control of the system

1 R24 Authentication procedure as a protection of the access to be included for both family and professional
caregivers,

1 R26 Avoid possibility of access to the system without explicit caredehe elderly, including rtcauthorized
access of remote operators

1 R27 If remote operator changes within one session, the elderly user must be informed
1 R28R2930-31 Personal information data protection managed in a safe, way

1 woH !y ¢@2yYk 2 impleméstdd $ orde? to préect pviacy in very personal momentde access
G2 GKS ¢o2yk2FF Y2RS O2dz R fcSailly &f thedidery 6sé&, I G G SYRAYy 3

1 R33 Verification of the plans of action by asking the elderly user before it atdintg).

As expressed in D6.1b, methodology selected for the advanced SRS prototype tests allowed to checknbatfofil

these requirements. These tests were performed in an apartment located inside the hospital Santa Maria Nascente of
Don Carlo GnocthFoundation, focusing on the evaluation of the whole prototype in an advanced stage of
development. The evaluation considerdite major user requirements determined at the beginning of the project,
expressed through redife scenarios. Results obtainendicate that the prototype developed fulfilled requirements

FP7ICT  Contract No. 247772 1 February 2030 January 2013 Page28 of 32



SRS Deliverable 6.3 Due date: ApriP013

about privacy and ethics, with the only exception of R32, that iat been implementedat that time but has been
implemented later.

2.2.2. SAFETFACCOUNTABILITY

There is a need to ensure that robotseddy the elderly are safg and furthermore, in a system in which a robot is
responding to the commands of an elderly persém,determine who or what should be held responsible and
accountable if something goes wrong, resulting in injury or dam@gepasibility is currently a hot issue in Robotics

still to be addressed ethically and legally in soci€ymour point of view the main aim regarding the user in SRS
research is to ensure that no damage will be done to the user and thus restrict the cbatagen user and robot to

obtain the maximum safety possible. To this end, safety procedures have been developed in the trials in D1.4.1
Requirement specification of future remotely control service robot for home care (interim).

2.2.3. HUMANWELFARE

One ethicakisk that may be introduced by the use of robots within elder care is that its presence, reducing the care
burden for relatives and cargivers, might reduce as well the amount of human corgdbat the elderly have.
Indeed, the robot could provide an exse for the familie@eglect, as if it could substitute them in taking care of
ASYA2NRQ LKeaAOlt FyR SYyz2G4Aaz2ylf ySSRao

From another point of view, the presence of the robot can be seen as a way for reducing the dependence of the
elderly on the people thalook after them, allowing at the same time for more frequent virtual visits and calls by
family and friends, also whenever they operate the robot through remote control, as the advanced interface enhances
frequent checks and video calls.

Another aspect hiat cannot be underestimated is that the daily help provided by the robot, jointly with the
supervision of remote control, allows the old persons to continue living at home, instead of being sometimes obliged

to move to nursing homes, with the consequerdtachment from their familiar context and social network. In this

case, the elderly have the chance to keep living in their own environment, in terms both of physical space they are
used to inhabit, as well as social space they are used to interact With,eénhancing their inclusion and participation

Ay (GKS O2yYyvydzyaidexr GKFG Ay GkKAa OFrasS R2SayQi ySSR (2 o
perspective also fulfills the right stated by the UN Convention on the Rights of Peopleigdathliy [23], about the

YySSR {(i2 SyadaNB aGiKS 2LIRNIdzyiride (G2 OKz22aS8S GKSANI LX | OS
basis with others and are not obliged to live in a particular#ivink NNJ y3SYSy Gi§ A GRNADPAVMBSLISY
0SAy3 AyOfdzZRSR Ay G(G(KS O2YYdzyAiGeéoo

2.2.4. AUTONOMY

Another ethical concern raised by the robot care for the elderly is linked to the restriction of personal liberty implied

by the risk of losing control over th@bot. Indeed, there is a delicate balance between monitoring the old person,
GK2dzZ3K aidAftf LINBaAaSNBAYy3I KAa FNBESR2Y |yR O2yiNRBf 2@SNJ K
cannot be assumed to remain atparticular level, e robot/ remote control operator is in a way responsible for

keeping themsafefrom danger. If it is used insensitively, like becoming an autonomous supervisor, it could increase
ASYA2N) OAGAT SyaQ FSStAy3a 2F 2w&SOGATFAOIGAZ2Y FYyR | 10

Considering the particular case of SRS robot, these concerns are alleviated by pleyreemt of a carefully
customizd system and the constant consultation of the elderly, who are the primary actors involved in activating the
robot: thanks to areasy to use interface assured by usability evaluations, customization and adaptation, the elderly is
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able to request for the robot intervention, as well as to choose the functionalities it should perform, according to
his/her own capabilities and frailtiedoreover, the user is always in a position to decide and switch off the system.

The only exceptions are represented by 1) monitoring requests by family members, in which case a permission is
asked before starting monitoring, and 2) emergency situatiovisere the remote operator is somehow obliged to
F2NOS Y2yAG2NAYy3I Ay 2NRSNI 2 OKSO]l GKS dzaSNNna O2yRAGA
scenario is supposed not to be frequent and, moreover, remote control operators are tiusodrained on a
professional procedure to adopt, including practical guideliabsut reaction in different situations, psychological
approach and expected impact of their intervention.
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