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1. |IEEE Missionstatement

a L 9 6ok urpose is to foster technological
innovation and excellence for the benefit of humatigy

|IEEE Vision statement

a L 9l Be essential to the global technical
community and to technical professionals everywhere,
and be universally recognized for the contributions of
technology and of technical professionals in improving
global condition® &
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2. Technological Dynamied Service Marketsn the
Lightof Digitization

Digitization causes
A Fundamental, disruptive change in providing services,

A partially substituting human workers by

T software,
T autonomous mobile robots, sensors and actuators, smart machines

I lloTandloTsolutions,
A by using Al supported algorithms

I contextual communication

I knowledge acquisition
A comprehensively affecting service technology and
A labor markets

PICMET 2018: Distinguished
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1 Connectivity

EuropeanDES(Digital Economy
and Society Index)

Strength& Weaknesof
Digitization 25.2.2016

5 Digital ER
Puslic “Gania
00102 0.3 o 0.6 0.7
INTEGRABILIT
Thesea'_‘e: /\ * :)r:‘tigital \Je °tf
hugeskill gaps Technology SOCIAL NETWORKS

~— /—;U Average

Average of countries running ahead
e DE

http:// www.crn.de/softwareservices/artikel1094652.html

Impulsvortrag "Digitalisierung und Wirkung 5
auf Arbeitsmarkt"

19.03.2018
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Examples for service robots

A Service robotdor safety &
security; intrinsically safe and
explosion proof

A Risk reduction for humans
A See [14],[15], [21]

191

=g

o

= ey g

A Service robotElderly Care
Market and General Service
Market

A Work load relief for caregiver
See [8]

Credit:mojin robotics

Rainer Hasenauer 6
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Functional material, real time
systems, smart care
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Al for Xxray picture interpretation based on

2D fractal geometry as software as a service

A Artificial Skin and diabetes
treatment [16]

ARTIFICIAL SKIN

sticky patch
(4 cmx 2 cm x 0,3 mm)

MONITORING

sensors to detect
temperature and motion;
RAM for data storage

TREATMENT
Micro-heaters and drugs

A Image Biopsy for early detection
of osteoarthritis see [17]

c¢)Advanced OA  tatestage OA Loss of a

. V Articuter cortiage LTS Tidemanks
3D image e =2
of bone POl |, aqfoicitedcaruiagal | 4 o DR

T TR R

Cross-
section
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A Wearable electronics

A Liwearable battery

Real time performance improvement,
integrating stress measurement and
systematic data evaluation, through smart
wearable devices in Beach Volleyball [11]

A 10T (Internet of Thingg

The Internet of ThingddT) is a system of
interrelated computing devices, mechanical a
digital machines, objects, animals or people th
are provided with unique identifiers and the
ability to transfer data over a network without
requiring humanrto-human or humarto-
computer interaction.

d

|Zigbee Local Area Network Location and navigati — o - D/'g/'z‘a/
§ v : Layer 5 ? Digital Service > Giobal
o
o
/ <
Layer4 Analy’[iCS E
v <)
Identification and authentication CT) &)
(sKin, back)
&\ / £ Q0
(s « Connectivity % =
3~ =
n Layer2 ® %  Sensor/Actor s
o .o 8
g Physical %
" ) : . _ Physica o
iclaamne Layer 1 i Physical Thing ——— fiocal
(shoe)
Seg[13] Business Modelor 0T
See: [12] See [20]
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Operatlonal approach combining Al and HuriMachine
Integrationin industry carbe seenn examples sef/|
https://www.humai.tech/ @ nuMai

..
\“\if';; N t\ﬁ\:\i\\(s\\&\\\
/ \ ';;f-f:_ff& ENGINEERING
AAAAAAAAAAAAAAAAAAAAA N \ ARTIFICIAL SALES
SSSSSSSSS \\ \\\ \ ASSISTANT
\\

ARTIFICIAL

Artificial Engineering is an appropriate approach for SAR integration in AAL at
Elderly care byloT

PICMET 2018: Distinguished Rainer Hasenauer 9
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3. Growing Gap between supply and demand of elder
care assistiveservices

A All economically high developed countries are facing a heavy
shortage of qualified elder care labor capacity and increasing
caring demand of elder people (longer life expectaicyh

A Digitization affects everyday life in all stages of human life age

A Robotization Ambient Assisted Living (AAL) anadvitrolled
user interfaces enable a high degree of

A HUman MAchine Integratiod S®3 ® | ! al L XU
HUman_MAchine_Communicatio(e.g.
https://www.humai.tech/)

PICMET 2018: Distinguished
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TRL of AAL Robots [1, pp 22]

a ! AAL robot is a robot that

1. assists the target group of older users including users with disabilities.
2. supports the target group during daily life or work.

3. improves or maintains the independent living of the target g®ép wmMm 2

Robots in database

15
Al
25
20
15 8 Rohots in database
10 7 4 fn
i
0 - . .. B BN . .

TRL1 TRLZ TRL3 TEL4 TRLS5 TRL& TREL? TRLE TRL% TRL 10

SAR Social Assistive Robot are AAL robots integrated in social service proce

PICMET 2018: Distinguished . 11
IEEE Lecture 22.08.2018 Rainer Hasenauer



AN
OO Kreuzschwestern FamRNN T
[ Wohnenmitpfiege 06 “Um:.::s ‘==== hi-t@ter Jj]r.n‘E:‘Eeting

WIEN—‘;“»E}N.A \‘"’/

[g h} UNIVERSITY Pl CMEIB 6

(OBERGSTERREICH UPD&E’ /\USTQ]/\

Gap between supply and demand of elder care
assistive services (1)

Eldercare the care of elderly people who are unable to look after
themselves.

To that end, researchers are asking questions like:[3]

w 52 NBoOo20& YSSR 02 dzyRSNEUlI YR
w 126 Oly NBO2U& LINBOARS &az2OAlf
w L& Al 0Sald 6KSYy YIOKAYySa &AYdz
w 52Sa&8 A0 KSfLI AT G4KSeé Oly 02y 0
AND
A How are mutuakthical challenges manageoetween SAR,

residents and caregiver staff?

PICMET 2018: Distinguished Rainer Hasenauer 12
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Gap between supply and demand of elder care
assistive services (2)

The US Census Bureau estimated ttapercentof Americans
nearly one In six of uswere aged 65 or older in 2016, up from
12 percentin 2000. Demographenticipatethat by 2060
almostone in fourwill be in that age group. That means there
will be some48 millionmore elderly peoplan the U.S. than
there are now. [3]

HOW TO MANAGE THE INCREASING GAP OF ELDER CARE
ASSISTIVE SERVICES?

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer .
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Gap between supply and demand of elder care

assistive services3|)

CoryAnnSmarrand colleagues at the Georgia Institute of Technology showec
groups of adults age 65 to 93 a video of a robcdipabilities: [18]

Gt I NI Airdisatell afillidgness for robotic assistanceith chores such

as housekeeping and laundry, wrigminders to take medicatiorand other
health-related tasks, and witkenrichment activities such as learningew
iInformation or skills or participating in hobbies. Thedger adultspreferred
humanassistance in personal tasks, including eating, dressing, bathing, and
grooming and withsocial tasks such as phoning family or frierels

"The older adults we interviewed were very enthusiastic and optimistic abou
robots in their everyday lives. Although they were positihey were still
discriminating with their preferences for robot assistaacTheir
discriminationhighlights the needor us to continue ouresearch to

understand how robots can support older adults with living independently
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4. Soclal Assistive Robots

We distinguish between[1]

A Personakervicerobots (ISGStandard 8373)
https://www.iso.org/obp/ui/#iso:std:is0:8373.e€:vl.en

A Personataringrobots (ISG5tandard 13482)
https://www.iso.org/obp/ui/#iso:std:is0:13482:ed..vl.en

A Subgroup: social assistive robots:

I mobile servants,

physical assistants,

person carriers, training, monitoring,

rehabilitation (see for example rehabilitation after shoulder surgical
Intervention: http://www.ferrobotics.at/en/products/medical-
technology/ccpm.html

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer 15


https://www.iso.org/obp/ui/#iso:std:iso:8373:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:8373:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:8373:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:13482:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:13482:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:13482:ed-1:v1:en
http://www.ferrobotics.at/en/products/medical-technology/ccpm.html
http://www.ferrobotics.at/en/products/medical-technology/ccpm.html
http://www.ferrobotics.at/en/products/medical-technology/ccpm.html

/l‘ l\\ pp—

D0 Kreuzschwestern “U Jaaamn 2\

D [I Wohnen mit Pflege 0O wiRrscuaFTs NS ———7+4 hi-tech center )
s A\ 4 S/ marketing

—M| UNIvVERSITY e, 5

OF APPLIED SCIENCES SRR PI CMEIB o0
oeerdsTeERREicH ) UPPER AUSTRIA

Robotic Mobility Aids Fetch & Carry Support
Robotic Household
Manipulation Robots

Aids

Personal Emotional
Care Robots Robots
Telepresence Robots Entertainment Robots
See [1] y p 68 Companion Robots Rehabilitation Robots
PICMET 2018: Distinguished .
9 Rainer Hasenauer 16
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Required system abilities for elder care /assistive robots: [1]
pPpP.59

Faidure Dependabiiity
Functional Dependability

Environment Dependability Configurability
ISSSECy) SPpaTEeINY - Parameter Adapiability
Component Adaptability
sk Adaptatilly
Robot Robot Interaction

Human Robot Interaction Safety

W Interaction Ability Sys?e.m ' Motion Ability.
Social interaction Duration Abilities Lrcec
n Range

ange

Social Interaction R(:-I}jz "
Perception Abllity meam & Ablity
: rasping
Perception Abifity m:gﬁ%
Tracking Ability Cognitive Ability Decisional ng

Recogmtion Abllity
Scene Perception
Location Perceplion

Autonomy

Action Ability

PICMET 2018: Distinguished Rainer Hasenauer 17
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A Configurability:High multitude of different needs, robot configurable by informal
caring staff without technical knowledge background

A Adaptability: Phase 1predefined tasksPhase 2 higher challenges due to
changing environment and changing residents capabilities in short time

A Motion ability: collision avoidance, collaborative motion patterns with elder, soft
and gentle movements combined with emotional gestures are only a few of the _
dARS O NANSlUex KZ2g NROZ2UaQ dlal I NB R
Impairments

A Manipulation ability based on high level perception of objects is still research.

Grasping objects laying flat on the ground (e.g. book, knitting needle) is still a
difficult task

A Decisional autonomysvery limited currently available AAL robots can hardly
perceive contextual patterns and recognize and grasp objects and decide
autonomously.

A Cognitive abilityrequires Al supported algorithm of contextual understanding. Still
a huge research task. HRI needs to understand and communicate with elder user:
robot acting as intelligent smart social agent.

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer 18
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A Perception ability is a key challenge for SAR in private homes. Retiremen
houses offer a lower stochastic variety of objects due to higher degree of
standardization of object surfaces and light reflection attributes.
Nevertheless nowptimal lightning environment might reduce sensor
ability to detect objects. ( see also: experience with autonomous driving
systems and obstacle perception under hard real time conditions and
difficult lightning environment backlight, shadows)

A Interaction abilityis also a key requirement of social interaction skills for
humanrobot integration. Our current research project relies on a
predefined catalogueof social tasks with predefined useRhase 1
caregiver and their assistants;

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer 19
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A Phase2: higher variety of additional primary and secondary users.
TheUCCCCapproach serves to generate user specific semantic instances
during a long term assimilation phase in the living lab context. Based on
residents private, bibliographic data, subject to privacy protection.

A Dependability:Based on the probabilistic task environment of human
robot interaction.

I Combination of probabilistic reasoning and heuristic path planning
for robots internal logistic tasks is required.

I Predefined catalogue of taskserves also as a complexity reduction
used for reducing failure probability

* UCCCQ User Centric Contextu@ommunicationCorridor

PICMET 2018istinguished

|EEH ecture22.08.2018 Rainer Hasenauer 20



A AN
03 Kreuzschwestern Zaaana JiTe
DD Wohnen mit Pflege 00 w “““““““““ ‘=i===- hi-t@ter e ting

—
......... 77 /4
- 4
—M| universTy Pl CMEIB 6
oeerdsTerpeicH ) UPPER AUSTRIA

5. SAR Content of R&D Activity for market entry

5.1. Pre Adoption studypre-adoption analysis of elder
people: executed between April to October 2017

reported at PICMET 2018 [7]

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer 21
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Social Assistive Robot SAR

Definition: Social Assistive Robotics (SAR) support users not only
through physical but also through social interaction (Feil-Seifer et al.

2005)

FEATURES
Q AHeight: 158 cm

AWeight: 142 kg

- I AMax Speed: 1,1 m/s
) R Alnterface: 76 Touch
/ o * Screen

*'  ADegrees of
¥ Freedom: 29

~ 13
V ServiceRobot
| CareO-bot® 4

Credifglraw.liﬁfo?ﬂig.sDistinguished
IEEE Lecture 22.08.2018

FUNCTIONS

A Assisting: Reminder and Fetch
and Carry

A Monitoring: check of physical
conditions and safety and calling
help in case of danger

A Entertaining: Social
communication through voice,
dialogue, gesture, facial
expression and by using a variety
of media tools

Rainer Hasenauer 22
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Sample
Respondents 131* w Data collected on field in 11
Austrian Senior Homes (9
Age 65-100 KWP*, 2 Elderly Care
Homes Kreuzschwestern).
was handed-in during a
Education Heterogeneous study session (1.15 h info
session + filling survey)
: * Viennese Care Homes
Physical Issues 50,4%
PC Usage No users 63%

*The sample size was determined considering data dimension big enough to give
(statistically) significant results for the type of analysis carried out (seeappendix
2. The model). The accuracy and the richness of the results can be improved in

further, researches|8].

IEEE Lecture 22.08.2018 Rainer Hasenauer =9
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The Pre-Market Phase: Final UserPerception
requirements Pro arguments Contra arguments
p
Isolation Social Facilitator l"\i"‘. Human .
L i Substitution
4 e : _ N
Autonomy Cor!trol over the Security and
environment Autonomy clash
- J J
- N _ A
_ A Robot is preferred Data collection and safety
Privacy for intimate tasks issue
N J J
s N — A
Monitorina Eunction Accountability Issue and
Safety ) t, clash with autonomy
N L y
Suspension of beliefs Deception )
Dignity Decrease dependence ﬂ Obijectification
9 )| Higher social acceptability Infantilism )

PICMET 2018: Distinguished _ y
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Resi dent sDynadwes ni on

The simulation has been run in 1000 time-steps on
a 50x50 lattice. The software used is the LSD,
Laboratory for Simulation Development, based on
C++. LSD is an online source for developing
discrete-time simulations and specifically designed
for economically oriented simulations

As a result it is clear that the NWOM* prevails by
blocking the percolation of innovation and creating
a strong rejection in the social system. The green
dots represent agents adopting the innovation,
while red rejecting. Only 32,8% of total cells are
at state riLoat the final simulation step.

*NWOM Negative Wordf Mouth

PICMET 2018: Distinguished IEEE Lecture

22 08.2018 Rainer Hasenauer oK
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Suggestions to Improve SAR acceptance
Social Individual
Problem Implication: Implication:
e ~N / Involving experts i Promoting and \
Enthu-| Targeting them in the first in robot i Explaining the
_ entry phase, Satisfying their deplqyment, : assisting fl_Jnctlon
Slast needs offering i by underlying robot
\_ y assistance and ! security, safety
group sessions i and autonomy
N : /
Social Individual
Problem Implication: Implication:
1 .
~N /VVorking together | Promoting \
Lack of TRUST and they with caregiver for i monitoring function
Skep_ dond perceive the robot dealing with the : through transparent
. | conform to their needs (lOW robot. Simulating : information about
tica PA) confrontation with i data storage,
\ / enthusiasts : processing and
PICMET 201®istinguished \cluster i_protection /

|EEE ecture22.08.2018 Rainer Hasenauer 26
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Content of R&D Activity for market entry

5.2.R&D Projectto implement a LIVING LAB for elder
people dependently living and cared in retirement
house : R&D project work in progress

PICMET 2018: Distinguished

IEEE Lecture 22.08.2018 Rainer Hasenauer 27
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Living Lab [9]
0A Living Lab israal-life test and experimentation environmentvhere users

and producergo-create innovations

A Living Labs have beeharacterizedy the European Commission as
PublicPrivate-PeoplePartnerships PPP#er userdriven open innovation

ALiving Lab employs four main activiti€s
A CocCreation codesign byusers and producers

Exploration discovering emerging usages, behavior and market
opportunities

A
A Experimentation implementing live scenarios within communities of
A

users (employeesarersand residents of retirement homes)

Evaluation assessment of concepts, products and services according to
socioergonomic, sociecognitive and socteconomic criteria.

| consider Living Lab being in complementary relation to Triple Bottom Line

systems: Social, Environmental and Economic Rationality
PICMET 2018: Distinguished
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SOCIAL ASSISTIVE ROBOTS FOR ELDERLY CARE

interface UCCCQ Structure
Communication /" Living Lab )
; Human ) Resident
Animal
\, J // I
( Machine: - ~N
Social Assistive ROBOT +
Robot Smart AAL
1) UCCCC User E”V'ronmenﬁ !
Centric Contextual \_ /loT Y,
CommunicationCorridor
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solutions
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Description of Elderly Retirement Home
A About 80 guests, 2/3 female,

A between 70 and 100
years old >50% walkingnpairments

A 90% single rooms, 10 % double rooms for elderly married couples.
A Personalized food and dietary scheme

< 15% need eating support (mobility disabled)

<15% mentallydisabled (dementia)

A Operated by Kreuzschwestern (catholic organization and
professional operator of hospitals and elder retirement homes in
Europe)nttp://www.kreuzschwestern.eu/
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