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Abstract. Life expectancy increases and the wish to proladgpendent living remains strong. To stay
as independent as possible gives satisfaction doirttlividual and reduces costs for society. With
advances in information and communication techriemgservice robotics becomes important means
for assisting older persons in their daily living. this paper we introduce MOBISERYV, a project
aiming to develop proactive personal service raisothat will be integrated with innovative wireless
(bio-) sensors, localisation and communication nedbgies, smart textiles and clothing and a wearabl
solution hosting monitoring equipment for suppdatimdependent living for elderly. Health and
wellness, nutrition and mobility but also sociakiraction, safety, security and privacy are exampfe
assistance that MOBISERY will provide to older pleop

1 Introduction

The life expectancy in the EU — as in other devetbpountries — is continuously increasing, and the
proportion of older citizens in the population io@ing. As generations live apart, more and moceol
people live by themselves, as couples or singles.

Older people, their relatives and the civil sociasysuch have a common desire to prolong the pefiod
independent living for older citizens. To stay mdependent as possible gives satisfaction to igicdual
and reduces costs for society. The move from “howmia™protected living” to “nursing home”, in their
various forms is regarded as something negativeshodld be delayed as much as possible taking into
account the personal wishes, abilities and digplitng the economic conditions in society.

Information and communication technologies (ICThqgalay an important role in dealing with the
aforementioned challenges, as they can help ther addividuals to improve quality of life, stay Higer
and live independently for longer [1]. ICT solutiofor supporting independent living of older peison
include: communication devices; sensory aids; coresuelectronics/multimedia; smart home technology;
medical assistive technology; tele-monitoring desicwalking aids and assistive devices for suppgrti
mobility; automatic and intelligent devices andvises capable of helping older individuals perfanmi
their daily chores [2].

Current and future developments in the area of é@d@bled independent living for older persons are
underpinned by some key emerging technologies, aadfiosensors, new materials and robotic. Research
in robotic technology for eldercare in particulaoncerns assistive robots that can be both retethok
robots, i.e. robots featuring physical assistivehtmlogy that is not primarily communicative andnist
meant to be perceived as a social entity, and lsooimts, i.e. systems that can be perceived amlsoc
entities that communicate with the user [3]. Irsthaper we focus on social robots, usually desigreed
assistants, companions, or pets, in addition tombee traditional role of servants [4], and espécian
service type of social assistive robots to suppalependent living for older people.

In the following sections we shortly describe thetes of the art in service type of social assistieots
for eldercare and we introduce MOBISERYV, a worlpnogress that aims to develop proactive personal
service robotics for supporting older people inmtening their daily living situations.



2 Review of Service Type Social Assistive Robotsfor Eldercare

Service type of social assistive robots for elderamay exhibit a range of functionalities to assimt
elderly in daily activities. Some examples of suohots are presented below.

Nursebot Project:The Nursebot project conceived in 1998 by a tednineestigators from three
universities with the aim to develop mobile robatissistants for nurses and elderly people in variou
settings. The first robot developed in the scopthisf project was Flo and the second one PEARL. REA
is Flo’ successor and incorporates changes madelyras result of feedback from nurses and medical
experts following deployment of the first robotoHW]. PEARL [6] is targeting at providing functiah
assistance to the elderly, by a) reminding peopleutiroutine activities such as eating, drinkirakirig
medicine, and using the bathroom, and b) at guithiegn through their environments.

Care-O-bot:Care-O-bot [7] is a mobile service robot designgd-taunhofer IPA with the aim to assist
people in their home environment. To meet this gibmke generations of a robotic home assistante’Ca
O-bot” have been developed so far (in 1998, 20@R2008 respectively). The third generation of Gare-
bot enables the execution of fetch and carry tasi&s according to Graf et all (2009), provides basis
for a large number of assistive tasks in home enwirents. Care-O-bot 3 is equipped with a number of
components including omnidirectional drives, a 7Pf@dundant manipulator, a three finger gripper and
an interaction tray, which may be used for passibgcts between the human and the robot. The robot
features a moveable sensor head which containgerang image sensors enabling autonomous object
learning and detection and 3D supervision of tharenment in real time. Current developments aim at
applying the robot in an eldercare facility in artie support the personnel in their daily tasks.

RoboCar€8] [9] is a project funded by the Italian Ministof Education, University and Research that
had as a goal to build a multi-agent system whighegates user services for human assistance. irbis t
years project (2002 — 2005) has produced a progodyintegrated home environment, called ROBOCARE
Domestic Environment (RDE) that is composed oftztiz interactive agent, some sensors for contisuou
monitoring, and additional intelligent systems tls&dre and reason upon knowledge about the assisted
elder’'s scheduled activities. RoboCare implemewts forms of interactionpn-demandand proactive
interaction based on who takes the initiative to start aodiaé: the user or the intelligent environment
guided by its internal reasoning. On-Demand intévacrefers to the “Question/Answer” category of
dialogues, whereas proactive interaction refef®tmger” and “Warning” scenarios.

CompanionAblg10] is a four-year EU-funded project - started in 2008hat aims to develop an
assistive smart home environment within the homeelderly people, to support both the cognitive
stimulation and therapy management of the cargieti. This is mediated by a robotic companion
working collaboratively with a smart home environmheMain CompanionAble developments include:
realisation of an intelligent day-time-managemeaitug intake, appointments); content generation for
cognitive stimulation and training and coherentividgl through multiple channels; Videoconference
between user and professionals/relatives/friendly fintegrated in the robot and smart home’s user
interfaces; On-line recognition of significant déexs signals/utterances/calls and sound sourckziaman;
Visual detection of person’s poses and analysigrbtions; Multimodal and natural dialogue module
(speech input/output, touch display, gestures).

KSERA[11] is an EU-funded ICT project started in Febyua010 with the aim to develop a Socially
Assistive Robot that helps older persons, espgcththse with Chronic Obstructive Pulmonary Disease,
with their daily activities and care needs and fes the means for effective self-management df the
disease. KSERA is expected to provide (1) a mohfisistant to follow and monitor the health and
behaviour of a senior, (2) useful communicationdéa, internet) services including needed alerts to
caregivers and emergency personnel, and (3) a robegrated with smart household technology to
monitor the environment and advise the senior megigers of anomalous or dangerous situations.

Florence[12][13] is an EU-funded ICT project, started alsd-ebruary 2010, having as a goal to apply
a Personal Assistive Robot to improve (cost-) ¢ffecess of home care for elderly people and tdlena
them to stay at home as long as possible. Within phoject an Ambient Assistive Living home
environment will be built, which integrates the obbexisting home automation infrastructures, avwhl
and remote communication services, and which pesvidnabling technologies for AAL services. The
Florence system is expected to support lifestyld AAL services in the following categories: Family
involvement; Video telephone; Home observation; Egeecy Intervention; Direct coaching; Remote
coaching; and Communication among caregivers.



3 Introducing M OBISERV

While MOBISERYV shares some aspects with the aforgimeed projects, as far as particular research and
technology objectives and services available to ukers are concerned, MOBISERV addresses the
particular goal of developing an open, standarcttbgzersonal service robotic platform for supporting
independent living for elderly. This platform wile an integration of innovative components deligddrg

the project and of existing standards-complianhmedogies: in addition to home automation infrastune

and localisation and communication technologieseéaly tackled be some of the aforementioned poject

(e.g. CompanionAble, KSERA, Florence), innovativieeless (bio-) sensor-actuators, smart textiles and

clothing, and a wearable solution hosting monitprguipment will be integrated with an existing abb

platform capable of self-learning and able to suppwe older people in indoor contexts. MOBISERYV is
proposing a holistic proactive and unobtrusive epph to support independent living covering heatfitl
wellness, nutrition and mobility but also, sociateraction, safety, security and privacy. Nutritgupport

is also an innovative aspect introduced in MOBISERYV
The particular objectives of MOBISERYV are:

e Social ObjectivesTo develop a Personal Robotic System as a holgfiroach to support daily living
of older citizens in everyday activity scenariosifiving space context with an emphasis on supmprt
personal health care and improving independendéviimg environments and the quality of life; To
Support the elderly in maintaining their social igties; To embrace a paradigm shift in health
responders and emergency assistance, that ismedethe way of treating and managing health-relate
emergency calls and the way first responders, saramily, health care service providers are
coordinated, thus giving support to integrated care

¢ Research objectivedio research, develop and implement self-learniogrigues in relation to optical
recognition, pattern recognition and autonomousigaion techniques; To research effective self-
learning methods for predicting and detecting lmegdtated adverse events of the older citizens from
multiple sensors; To evaluate the Personal IntstlidRobotic System in terms of comfort, usabilityla
safety; To investigate the most effective and &ffit communication modes between the robot and
human user in various scenarios, and the impaculbfiral, gender, age and cognitive differences on
this; To evaluate different types of robot emboditsein relation to user acceptability, and the
relationship between criteria for acceptance atidii@s, societal demographics.

e Technological objectivesfo produce an efficient system design of the peakoobotic platform; To
develop the personal robotic platform componentsickv are a) a health status monitoring system
integrated into wearable fabrics, b) a secure aidem and health reporting system, and c¢) a norriti
support system; To integrate the aforementionedpom@nts into the personal robotic environment; To
apply innovative personal tracking techniques fasnitoring nutrition habits and vital signs of the
elderly citizens while they are accomplishing ttdaily activities; To develop a reliable communicat
platform for various heterogeneous devices of MABRS by providing a unified interface to different
wireless technologies to provide maximum reliapilito develop methods for securing sensitive and
private communicated information while taking cortipg requirements.

MOBISERYV started in December 2009 and at the tifh#éhe writing of this paper it has reached the
state of initial requirements identification anfirat definition of functional requirements.

Liaising with users through a range of requiremagaghering techniques has been (and still is) an
integral part of designing, shaping and realigrimg MOBISERV concept to reflect the practical users
needs. Within MOBISERV one of our key research nies is the development of evaluation
methodologies to ensure validity of the research.aivh to ensure that validation doesn’t only evi@uhe
human robot interaction but also how the system lmareffectively integrated into the users’ specific
context.

4 Requirements gathering and analysis methodology

Our requirements gathering activities included anloimation of observations, interviews, focus grqups
guestionnaires and cultural probe studies. Theireaents gathering was carried out simultaneously i
two countries, namely the Netherlands and the dnikemgdom. We were interested in investigating the



requirements from different groups of individualsrying in terms of age, context, location and lesfe

care required. As such we recruited participammfresidential care homes, those who attended aatay

centre on a daily or part-time basis, and individweho lived independently, either in their own resror
homes which were part of the residential villagetdtal we elicited information from 67 older pemsan

the UK and Netherlands, as well as 34 secondarytextidry stakeholders, including carers, managears

relatives. Stakeholders from this range of settingge helped us to consider the needs of a brazss-cr

section of the target user groups, encompassingidhuidls with a range of physical and psychological
conditions which are natural consequences of ageing

Analysis of the data gathered from across the diffelocations described in this report has helped
identify the following issues which will be vitad tonsider in the context of the MOBISERYV system.

e Technology acceptance will be a key issue to addesiumber of older residents in the care home
setting found it hard to relate to the technologg anost had not used a computer or mobile phone and
were confused by things like the digital televisawitchover (in the UK). Use of metaphor to make th
system familiar in some way might improve acceptaby end users. Many of our older participants
admit themselves that they are not particularlyeptize to change so any chance to build some
familiarity into the product would help. Acceptana@s also found to be linked tmncerns regarding
potential invasion of privacy. Age related diffeces, as well as cultural differences (if any), rdgay
attitudes to privacy need to be further investigatene of the conclusions of Singleton et al's eewi
[14] on public and professional attitudes to privat healthcare is that assessment of public d#fus
dependent on how the topic is framed, so consideratill have to be given to how the MOBISERV
systems are presented to the stakeholders andothatipl impact that the mode of introduction will
have on acceptance.

o Age related differences in relation to the useeachhology need to be considerdthere are significant
differences in the attitude towards technology leetwseveral age groups from 62 to 95, but theraare
clearly identifiable borders. Younger participa(@2-69) were generally more accepting of the pregdos
technology. Some already use computers in thely diges and were more accepting of the idea of
using the system. The group of people that are tessezthnology is growing, and the resistance tdar
the use of technology in care is decreasing. At thoment, there is the curious situation of some 70
year olds, who do have the skills to use technglbgy do not feel the need to use it, and the &b-ye
olds, who need the technology, but lack the skifls.10 to 15 years from now, this situation will
completely change. However, the limitations in nlibhi eyesight, hearing and sometimes memory,
which are a result of the natural aging procesd, alivays need to be considered in regards to the
usability and accessibility of the technology.

¢ [ndividual routine and familiarity will be importario maintain.Older people tend to like to sit in the
same place to watch TV, or to eat dinner. They llikgtine and familiarity in their everyday liveso 8s
part of the effort in designing and developing tisehnology, the work on user acceptance will aklsedn
to research into methods for introducing the MOBRSEechnology so it is not seen as an intrusion on
existing patterns of behaviour, and does not fgueeple to modify their routines and habits in
unfamiliar ways.

¢ Ability to enable user-control over the functiomalwill be important It will be important to allow users
to switch off specific functions if they so desifghis is essential both from an ethical perspectase
well as in response to the concerns expressed tme sif the older persons regarding some of the
proposed features of the MOBISERV systems whichiccdne viewed as an invasion of privacy in
particular contexts. Empowering users to have cbriver the functionality will be a vital part of
gaining their trust.

As we conduct evaluation studies and field triedsre specific requirements will start to emerge bad
refined as end users and stakeholders gain a cleaderstanding and experience of the scope of the
technology and the consortium sees how the techpaieeds to be further adapted to suit needs.

4.1 Personas and Scenarios

Personas were first introduced by Alan Cooper [@$ja practical interaction design tool. Personag ha
been found to help the design team to better censiied perspectives of people who will be usingsiesn
and more realistically hypothesise answers to guestrelating to what they might do in a particular



scenario. A persona helps to give the invisiblendescript “user” a personality. By designing foe th
persona, the needs of the broader group that tiseneis an archetype for, can be better satisfied.

For this project we compiled a total of seven peaso These personas were based on our requirements
data we had gathered and we used the characteridtibe older people we had met to typify paracul
groups of people, and the personas compiled aregeptative of the range of issues that were found.

As part of the user-centred design process theocms team has adopted these personas to help
consider the design, development and use of the BBV technology through the eyes of these
personas. A summary of these personas is shovafia 1.

No | Name Cognitive Physiological Psychological Setting

1 Aalbert | None Mobility, Weak heart and lungs Laness Independent

2 Brenda Forgetfulnesg  Diabetes, weak eyesightjiMotshortness | None Independent

of breath from exertion
3 Carol None, mild Limited mobility in hand, knee replacement None dpendent
forgetfulness

4 Dafne None Impaired mobility None Semi-
independent

5 John Dementia Mild mobility impairment None Semi-
independent

6 Lilian None Severely impaired mobility, hearirug$ Mild depression|  Residential

7 Terry None Limited mobility, incontinence Lonadiss Residential

Table 1. Summary of issues for each persona.

These personas were then used to help us constmitarios. A scenario is a short story about aifépec
persona with a specific goal. Scenarios comprisgtople, tasks, and contexts that help define migtit
be expected from an application in a given situati®cenarios are helping us explore in more dejth,
non-functional aspect of the individuals’ contexthich in addition to ensuring that the functional
components are technically viable, we hope wilbajgeatly increase the probability of user accepany
considering enhanced flexibility for adaptabilitpdacustomization. Table 2 summarises the scenarios
identified as well as the personas targeted.

. Personas
No Scenario with M OBISERV 1127345617
1 Being reminded to eat X X
2 Being reminded to drink X X
3 Being persuasively encouraged to eat X| x X X
4 Being persuasively encouraged to drink X | X X | X
5 Being reminded which food is in the fridge and pant x| X X
6 Being able to call someone in an emergency / ecpasponder (yelling, falling) | x| X | x| X | X| X[ X
7 Being reminded to take medication X X
8 Being encouraged to do some activity, when sitlorg certain period of time X| X X| x| X
9 Being reminded to wash / personal hygiene X
10 Being able to carry items to another room X x| x| x| x| x| x
11 Communicating / socializing with friends and relat X| x| x x| X
12 Social caregiver remotely checks in on the oldes@e X | x
Being reminded of diary appointments or social gegaents, when no social
13 . X| x| x
contact has taken place for a while
14 Finding out about the weather and news X[ x| x| X X | X
15 Communicating with someone at the front door fram pom X| X X X
Controlling the environment in the house throughabile robot (lights, heating,
16 . X| X| X| x| X| X
curtains, locks)
17 Guarding against accidents (gas, water, windowstsjo x| x| x| x| x
Finding out if everything is medically okay / selfieck platform / telemedicine /
18 detection of irregular patterns (sleep, heart-fateathing, temperature, activity | x| x| x X | X
level)
19 Being cognitively and socially stimulated with coatgr games X | X x| x| x
20 Communicating with health professionals to repoobiems X| X[ X X | X
21 Prescription / medication management X| x| X X

Table 2. Summary of scenarios indicating which personasdcbanefit from these functions.



Working in tandem, personas and scenarios arerttelps achieve a deeper integration of real user

needs into the development of the components.

5The MOBISERYV Platform

Following requirements gathering and analysis, fineject proceeded in designing the MOBISERV
platform. This relies on modular design where dédfé functions are implemented in independent
components or component groups, which can be btough the system. The general architecture
(simplified version of the rather complex architee of the MOBISERYV platform is presented in Fig.
According to this, the MOBISERYV platform consisfsaonumber of interconnected devices:

Physical Robotic Unit (PRU)PRU is the MOBISERV Personal robotic platform atdecoordinate a
number of different components. It will be ablenavigate indoor, follow a specified user and handle
the interaction with an older person. PRU will keeséd on Robosoft's Kompai [16], an indoor mobile
platform that is used as a generic platform andgdesl to ease the development of advanced robotics
solutions. Kompai is equipped with an embeddedrotiet and a tablet PC. Within the project, Kompai
will be adapted to the MOBISERYV context.

Camera’s:Cameras are used for capturing video feeds tomstippnumber of functionalities and user
services. One of the cameras - part of the PRUnaisly used for supporting videoconferencing amd f
providing input to facial expression recognitiomymnent. A number of additional, static cameras are
placed in the user's home environment for monigrpre-specified positions where eating/drinking
activity takes place.

Smart Home Automation and Communication Unit (SHAGHACU will be a fixed computer in the
older person’s environment that can establish ooty to the home automation system and to
internet end-points. SHACU can also host deploysémtfunctionalities where PRU mobile nature is
not suitable, for example reliable tele-alarming computing power intensive functionalities.
Furthermore, SHACU will host video analysis toass the provision of nutrition support.

RemoteSitelt refers to a device (computer) in a remote it is connected to the internet. Through
this, carers (family, doctors, and emergency headiponders) are able to receive alarms and related
reports in case an abnormal activity has been wetec

HomeAutomationDevicét is a generalization of device in home autonrafitome automation device).
Door: It refers to an external set of devices at ther ddahe older person's apartment, which can be
remotely used/ controlled.
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Fig. 1. Deployment of MOBISERV components.




Wearable Health Status monitoring Unit (WHSWHSU refers to garment(s) where sensors for vital-
signs monitoring and human activity classificatemmd fall detection are placed. These include &xtil
electrodes (ECG), a piezoresistance sensor andxas3accelerometer, which are used to extract the
following parameters: heart rate; heart rate vdiigp breathing rate; activity classification arfdll
detection. The following raw data will be also dable: ECG; respiration; orthogonal component ef th
acceleration. The WHSU includes a data logger, whitrieves and process signals from the different
Sensors.

Handlebar:lIt is a fithess device that can be used to meamulecommunicate health related parameters
while the older person is exercising.

BloodPressureDevicdt is device used to measure the older persoatsdigbressure.

Oximeter:lt is device to perform blood oxygen measurements.

Handlebar, Oximeter and BloodPressureDevice ardcelgevthat can be used to obtain punctual

measurements of vital signs in case an older péssoot willing to wear a monitoring device.

As mentioned above, PRU will handle interactionhwtihe older person, and will be responsible for

coordinating information across the various senser@dalities, and components, which are used within
MOBISERY for supporting the scenarios selectedrfgslementation.

In particular, the PRU’s Interaction Manager wilirtdle events that other components generate. These
events and data should have been initially intéggreand formatted in a common format; the resulted
information will then be used for accessing and atimg) the appropriate application data and then
channelled to the appropriate components (outpulafit@s).

The Interaction Manager will receive input comimgnfi a number of components, including:

Voice commands issued by the older person and résed) by the speech recognition component.
Tactile commands issued by the older person thtluglgraphical user interface on the robot’s tablet.
Eating activity reports coming from the eating déithm component located in SHACU.

Drinking activity reports coming from the drinkimtgtection component located in SHACU.

Facial expression recognition reports coming fréma facial expression recognition component in the
robot.

Alarms issued by the WHSU, based on the analydiseoflata coming from the sensors described earlier
in this article.

¢ Input events coming from the smart home infrastmectomponents.
e Events and data from applications, such as rensnpderthe scheduler. The latter arranges time-based

events such as eating time, or meetings. Applinadita are stored in a database, when persistinisda
required.

The Interaction Manager communicates output asvia!

Information channelled to the speech component hen robot. This component is responsible for
generating vocal messages.

Information channelled to the tablet PC.

Commands issued to the navigation component. Tdrnigponent dynamically guides robot to the older
person’s location or to other target locations.

¢ Commands issued to the component responsibledatitg the user in his/her apartment.
e Pass Events to smart home automation components.

Channel alarms or critical reports to the teleralamomponent, when a critical abnormal activity is
detected by the MOBISERV system. In these case4) Ry be accessed by a remote caregiver
through a web interface.

The envisaged MOBISERV system can be applied iferdifit locations from private homes to large

care facilities. Independence of the componentsaalldynamic deployment of the MOBISERV system,
where the applied capabilities can be selecteddbasehe requirements and available resourcesrgéta
location and people.



7. Conclusions

In this paper we presented MOBISERV; a work in pesg that aims to implement a framework and a
platform for the provision of health, nutrition amdobility services to the elderly. After providiren
overview of service type Social Assistive Robotsdlalercare, we introduced the MOBISERYV project,and
subsequently, we presented the methodology apptiedyathering and analysing requirements of all
stakeholders. We summarised the main issues igghtitvhich are considered vital in the context of
MOBISERYV, and briefly presented personas compilad acenarios used to inform the design of the
MOBISERYV system. Finally, we have presented the NEEERV platform and components.

We expect to have a first integrated prototype ld MOBISERV system by 2011. Thereafter,
laboratory and field trials will be conducted irder to evaluate the proposed solution in termsoaifort,
usability and safety and study user acceptance.
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