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1.  IEEE Mission statement 

άL999ϥǎ core purpose is to foster technological 
innovation and excellence for the benefit of humanityΦέ 

 IEEE Vision statement 

άL999 will 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 conditionsΦά 
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2. Technological Dynamics of Service Markets in the 
Light of Digitization 

Digitization  causes  

Å Fundamental, disruptive change in providing services,  

Å partially substituting human workers by  
ï software,  

ï autonomous mobile robots, sensors and actuators, smart machines 

ï IIoT and IoT solutions,  

Å by using AI supported algorithms 
ï contextual communication 

ï knowledge acquisition 

Å comprehensively affecting service technology and  

Å labor markets 
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http:// www.crn.de/software-services/artikel-109465-2.html  

European DESI (Digital Economy 
and Society Index)   
Strength & Weakness of 
Digitization  25.2.2016 

19.03.2018 
Impulsvortrag "Digitalisierung und Wirkung 

auf Arbeitsmarkt" 
5 

INTEGRABILITY 

SOCIAL NETWORKS 
These are: 
huge skill gaps 

http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
http://www.crn.de/software-services/artikel-109465-2.html
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Examples for service robots 

Å Service robots for safety & 
security; intrinsically safe and 
explosion proof 

Å Risk reduction for humans  

Å See [14],[15], [21] 

Å Service robot Elderly Care 
Market and General Service 
Market 

Å Work load relief for caregiver 

See [8] 
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Credit: mojin robotics 
Credit: taurob robotics  
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Å Artificial Skin and diabetes  
treatment [16] 

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

sticky patch 

(4 cm x 2 cm x 0,3 mm) 

sensors to detect 

temperature and motion; 

RAM for data storage 

Micro-heaters and drugs 

ARTIFICIAL SKIN 

MONITORING 

TREATMENT 

Functional material, real time 
systems, smart care 

AI for X-ray picture interpretation based on 
2D fractal geometry as software as a service 
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Å Wearable electronics  
Å Li-wearable battery 
Real time performance improvement, 
integrating stress measurement and 
systematic data evaluation, through smart 
wearable devices in Beach Volleyball [11] 
         

 

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

 
See [13] Business Models for IoT 
See [20]  See: [12] 
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Operational approach combining AI and Human-Machine  
Integration in industry can be  seen in  examples see [7]  
https://www.humai.tech/   
   

Artificial Engineering is an appropriate approach for SAR integration in AAL and 
Elderly care by IIoT   

Rainer Hasenauer  
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3. Growing Gap between supply and demand of elder 
care assistive services 
 
ÅAll economically high developed countries are facing a heavy 

shortage of qualified elder care labor capacity and increasing 
caring demand of elder people (longer life expectancy, ΧΦ) 

ÅDigitization affects everyday life in all stages of human life age 

ÅRobotization, Ambient Assisted Living (AAL) and AI-controlled 
user interfaces enable a high degree of 

ÅHUman_MAchine_Integration όŜΦƎΦ I¦a!L Χύ !b5  
HUman_MAchine_Communication (e.g. 
https://www.humai.tech/ ) 
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TRL  of AAL Robots [1, pp 22] 
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ά!ƴ 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 groupΦέ ώмΣ ǇΦотϐ 

SAR Social Assistive Robot are AAL robots integrated in social service processes 
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Gap between supply and demand of elder care 
assistive services (1) 
 
Elder-care: the care of elderly people who are unable to look after 
themselves. 
To that end, researchers are asking questions like:[3]  
ω 5ƻ Ǌƻōƻǘǎ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ ŎƻƴǾŜȅ ŜƳƻǘƛƻƴ ǘƻ ōŜ ŀŎŎŜǇǘŜŘΚ 
ω Iƻǿ Ŏŀƴ Ǌƻōƻǘǎ ǇǊƻǾƛŘŜ ǎƻŎƛŀƭ ǎǳǇǇƻǊǘΚ 
ω Lǎ ƛǘ ōŜǎǘ ǿƘŜƴ ƳŀŎƘƛƴŜǎ ǎƛƳǳƭŀǘŜ ŜȅŜ ŎƻƴǘŀŎǘ ǿƛǘƘ ǳǎΚ 
ω 5ƻŜǎ ƛǘ ƘŜƭǇ ƛŦ ǘƘŜȅ Ŏŀƴ ŎƻƴǾŜǊǎŜΚ 
AND: 
Å How are mutual ethical challenges managed between SAR, 

residents and caregiver staff? 
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Gap between supply and demand of elder care 
assistive services (2) 
The US Census Bureau estimated that 15 percent of Americans ς 
nearly one in six of us ς were aged 65 or older in 2016, up from 
12 percent in 2000. Demographers anticipate that by 2060 
almost one in four will be in that age group. That means there 
will be some 48 million more elderly people in the U.S. than 
there are now. [3] 
 

HOW TO MANAGE THE INCREASING GAP OF ELDER CARE 
ASSISTIVE SERVICES? 
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Gap between supply and demand of elder care 
assistive services (3)  
Cory-Ann Smarr and colleagues at the Georgia Institute of Technology showed 
groups of adults age 65 to 93 a video of a robot's capabilities: [18] 
 
άtŀǊǘƛŎƛǇŀƴǘǎ indicated a willingness for robotic assistance with chores such 
as housekeeping and laundry, with reminders to take medication and other 
health-related tasks, and with enrichment activities such as learning new 
information or skills or participating in hobbies. These older adults preferred 
human assistance in personal tasks, including eating, dressing, bathing, and 
grooming, and with social tasks such as phoning family or friendsΦέ 
 "The older adults we interviewed were very enthusiastic and optimistic about 
robots in their everyday lives. Although they were positive, they were still 
discriminating with their preferences for robot assistance. Their 
discrimination highlights the need for us to continue our research to 
understand how robots can support older adults with living independently." 
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4. Social Assistive Robots 

We distinguish between: [1] 

Å Personal service robots (ISO-Standard 8373) 
https://www.iso.org/obp/ui/#iso:std:iso:8373:ed-2:v1:en  

Å Personal caring robots (ISO-Standard 13482) 
https://www.iso.org/obp/ui/#iso:std:iso:13482:ed-1:v1:en  

ÅSub-group: social assistive robots:  
ïmobile servants,  

ïphysical assistants,  

ïperson carriers, training, monitoring,  

ï rehabilitation (see for example rehabilitation after shoulder surgical 
intervention: http://www.ferrobotics.at/en/products/medical-
technology/ccpm.html 
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See [1], p 68 

Rainer Hasenauer  
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Required system abilities for elder care /assistive robots: [1] 
pp.59  
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9ƭŘŜǊ ¦ǎŜǊǎΩ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ {!w: 
 
Å Configurability: High multitude of different needs, robot configurable by informal 

caring staff without technical knowledge background 
Å Adaptability: Phase 1: predefined tasks. Phase 2: higher challenges due to 

changing environment and changing residents  capabilities in short time 
Å Motion ability: collision avoidance, collaborative motion patterns with elder, soft 

and gentle movements combined with emotional gestures are only a few of the 
ǿƛŘŜ ǾŀǊƛŜǘȅΣ Ƙƻǿ ǊƻōƻǘǎΩ ǘŀǎƪ ŀǊŜ ŘŜŦƛƴŜŘ ǘƻ ŎƻǇŜ ǿƛǘƘ ŜƭŘŜǊǎΩ Ƴƻōƛƭƛǘȅ 
impairments 

Å 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 

Å Decisional autonomy is very  limited: currently available AAL robots can hardly 
perceive contextual patterns and recognize and grasp objects and decide 
autonomously. 

Å Cognitive ability requires AI supported algorithm of contextual understanding. Still 
a huge research task. HRI needs to understand and communicate with elder users , 
robot acting as intelligent  smart  social agent. 
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Å Perception ability  is a key  challenge for SAR in private homes. Retirement 
houses  offer a lower stochastic variety of objects due to  higher degree of 
standardization of object surfaces and light reflection attributes. 
Nevertheless non-optimal 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) 

Å Interaction ability is also a key requirement of social interaction skills for  
human-robot integration. Our current research project relies on a 
predefined catalogue of social tasks with predefined users: Phase 1: 
caregiver and their assistants;  
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Å Phase 2: higher variety of additional  primary and secondary users. 
The UCCCC* approach 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. 

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

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

ïPredefined catalogue of tasks serves also as a complexity reduction 
used for reducing failure probability 
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5. SAR Content of R&D Activity for market entry 

 

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

reported at PICMET 2018 [7] 

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

Å Height: 158 cm 

Å Weight: 142 kg 

Å Max Speed: 1,1 m/s 

Å Interface: 7ôô Touch 

Screen 

Å Degrees of  

Freedom: 29  

Definition: Social Assistive Robotics (SAR) support users not only 

through physical but also through social interaction (Feil-Seifer et al. 

2005) 

FUNCTIONS 

Å Assisting: Reminder and Fetch 

and Carry 

Å Monitoring: check of physical 

conditions and safety and calling 

help in case of danger  

Å Entertaining: Social 

communication through voice, 

dialogue, gesture, facial 

expression and by using a variety 

of media tools 

Social Assistive Robot SAR 

Service Robot 
Care-O-bot® 4 

Credit: mojin robotics PICMET 2018: Distinguished 
IEEE Lecture 22.08.2018 Rainer Hasenauer  



PICMET ô18 

Sample 

Respondents  131*  

Age  65-100  

Nationality  Austrian (98%)  

Education  Heterogeneous  

Physical Issues 50,4%  

No users 63% 

23 

*The sample size was determined considering data dimension big enough to give 

(statistically) significant results for the type of analysis carried out (see appendix: 

2. The model). The accuracy and the richness of the results can be improved in 

further researches. [8] 

Data collected on  field in 11 

Austrian Senior Homes (9 

KWP*, 2 Elderly Care 

Homes Kreuzschwestern).  

 

To this purpose the survey 

was handed-in during a 

study session (1.15 h info 

session + filling survey) 
* Viennese Care Homes 

PC Usage 
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The Pre-Market Phase: Final Usersõ Perception 

Autonomy 

Privacy 

Safety 

Dignity  

Isolation 

Control over the 

environment 

A Robot is preferred  

for intimate tasks 

Monitoring Function 

Social Facilitator  

Security and 

Autonomy clash 

Data collection and safety 

issue 

Accountability Issue and 

 clash with autonomy 

 Human 

Substitution 

Pro arguments Contra  arguments 

Deception 

Objectification 

Infantilism 

 

Suspension of beliefs 

Decrease dependence 

Higher social acceptability 

 
Rainer Hasenauer  
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Residentsõ Opinion Dynamics 

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 ñ1ò at the final simulation step. 

 

*NWOM  Negative Word of Mouth 



PICMET ô18 

26 

Skep-

tical 

Enthu-

siast 

Problem 

Targeting them in the first 

entry phase, Satisfying their 

needs 

Lack of  TRUST and they 

donôt perceive the robot 

conform to their needs (low 

PA)                                                                                                                                  

Social 

Implication: 

Involving experts 

in robot 

deployment, 

offering 

assistance and 

group sessions 

Promoting and 

Explaining the 

assisting function 

by underlying robot 

security, safety 

and autonomy 

 

Working together 

with caregiver for 

dealing with the 

robot. Simulating 

confrontation with 

enthusiasts 

cluster 

Promoting 

monitoring function 

through transparent  

information about 

data storage, 

processing and 

protection 

 

Individual 

Implication: 

Suggestions to improve SAR acceptance 

Problem 
Social  

Implication: 

Individual 

Implication: 
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Content of R&D Activity for market entry 

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

reported at PICMET 2018 [7] 

5.2.R&D Project: to implement a LIVING LAB for elder 
people dependently living and cared in retirement 
house : R&D project work in progress 
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Living Lab [9] 
αA Living Lab is a real-life test and experimentation environment where users 
and producers co-create innovations. 

Å Living Labs have been characterized by the European Commission as 
Public-Private-People Partnerships PPPP for user-driven open innovation.  

A Living Lab employs four main activities:[9] 

Å Co-Creation: co-design by users  and producers 

Å Exploration: discovering emerging usages, behavior and market 
opportunities 

Å Experimentation: implementing live scenarios within communities of 
users (employees, carers and residents of retirement homes) 

Å Evaluation: assessment of concepts, products and services according to 
socio-ergonomic, socio-cognitive  and socio-economic criteria. 

I consider Living Lab being in complementary relation to Triple Bottom Line 
systems: Social, Environmental and Economic Rationality 

Rainer Hasenauer  
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mimetic 
fibres 

Proximity 
Existing & future  
solutions 

iwearables 

in near to body 
(BAN*) 

in ŀǊƳǎΨ ƭŜƴƎǘƘ 

accommodation 

Living 
environment 

IIoT 

:  
SOCIAL ASSISTIVE ROBOTS FOR ELDERLY CARE 

in Human 

in Machine: 
Social Assistive 

Robot 

Animal 

Communication 

AI / Natural Language 
 interface  UCCCC 1) 
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Resident 

ROBOT + 
Smart AAL 

Environment 
/ IIoT 

Living Lab 

1) UCCCC  User 
Centric Contextual 
Communication Corridor 

Structure 

Rainer Hasenauer  

*BAN  
Body Area Network 
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Description of Elderly Retirement Home: 

Å About 80 guests, 2/3 female,  

Å between 70 and 100                                                                                                                                                                                                                     
years old, >50% walking impairments 

Å 90% single rooms, 10 % double rooms for elderly married couples. 

Å Personalized food and dietary scheme 

 < 15% need eating support (mobility disabled) 

 <15 % mentally disabled (dementia) 

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

 

 
PICMET 2018: Distinguished 
IEEE Lecture 22.08.2018 

30 Rainer Hasenauer  


