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Definition: Medical Products - MP VCRHCT

Medical treatment, counselling etc. must only be done
by authorized persons (physician or equivalent)

Objects or substances, used for medical, therapeutic or
diagnostic purpose on humans are regulated by the
Medical Device Act (German: Medizinproduktegesetz)
if no pharmaceutical.

AAL solutions can be MPs, but need not be, safety of

product must be given anyway — CE sign

All products for consumers are governed by product safety
regulations (CE sign). In the context of old, vulnerable persons
special care has to be taken!
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ADL Type of sensor m

Washing and get Humidity Bathroom
dressed Movement Bathroom
Washing and get Contact Wardrobe
dressed Temperature Bedroom
Movement Bedroom
Defecation Movement Toilet room
Contact Flushing
Activity Movement All rooms
Contact Entrance
Eating and drinking Contact Cupboard
Contact Fridge

Movement Kitchen
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Sensors, trade-off

Desire: much data, high resolution
-> many sensors

-> high redundancy

-> big amount of data

-> much energy

-> high costs

Reality: minimal/sparse data
-> low resolution (spatially, temporal)

-> Data economy
-> incomplete overview of situation
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Sensors, data safety, data security veaHCT |

Data on user behaviour are sensitive data and

must not become publicly accessible.

* Asfirst step only necessary data should be
collected

* These data should be kept local and
processed locally as much as possible (also
locally no “broadcast” if possible)

* Transmission to outside house has to be
protected and authentificated

* The user should always remain in control of
the data and must be informed
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Sensors, conclusions VeBHCT|

Plausibility of data should be verified, if possible
redundancy of sensors should be achieved

The availability status of the system has to be
monitored by heartbeats, the user must be notified
(that the system currently cannot support him/her),
and technical alarms have to be implemented

Detection and triggering of alarms should follow clear
rules even in error situations
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Assistive Systems:
Applications in AAL area

Important:

* Simple installation and removal as well as adaption to
changing needs without expensive/complex installation
works

* Inclusion of already existing (automation-) technology
and upcoming technology (Smart Meter)

* Preferably local processing/evaluation of data

* Secured connections to outside home

* Possibility to rent instead of having to purchase it
(when it is not clear how long the usage time will be)

* Integration with documentation systems

Also becoming more and more important for quality assurance and liability issues

VC&HCT‘
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Summary on sensors VC&HCT

Solutions to increase safety

High demand from carers and users
Building block for ,Ambulant instead of stationary”

Classic Senior alarms are conditionally accepted
New approaches for ,passive” alarming and
situation detection

No established/standardised ssolutions

Intermediate solution:
Add-ons to classic Senior alarms
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Technical acting ... VCEHCT p-

Concentrates first on technology

* Primary goal is solving problems with technology

* Correct function according to a specification

* Achieving a goal and improvement of performance

* Economical and ecological considerations are normal

Should also deal with effects of application of technology

* Technology changes a situation for people and society

* Technology affects the people using it

* Technology also has effects on other people

* (Vulnerable) people might not understand
implications

=> Also ethical considerations are necessary
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Technical acting ... veaHcr -

e ... belongs constitutively to humans

e .. uses specific technical means, procedures, institutions, to
achieve first non-technical, later also technical goals

e .. creates ordered structures of big obtrusiveness and range

e ..leads aside from desired goals also to undesired
consequences, which
* .. are difficult to predict (Collingridge dilemma)
* .. are adopted after weighing-up of risks (or not)

e ..inspires expectations and hopes, which in the area of health

and disease easily get inflationary and unfulfillable, but
nonetheless justify big investments

* .. needs because of the far reaching implications and often
unclear moral constellations an ethical reflection, which steps
in as early as possible in research and development processes
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Ethics means: reflecting moral ve

* Increase quality of life

* Human dignity in all phases of age

* Self determination and social participation
* Technology structures societal regime

* Technology shall not replace human care

Ethics analyses the development and application of
technical devices in view of the individual and the
society as a whole and asks for balance between
ability to do and responsible willing and acting.
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Ethical perspective on technology VC&HCT

¢ Understanding technology and dealing with it does not end
with listing and comprehending its features

e Analysis and assessment of technical arrangements
demands reflection of the conditions of structural principles
of technology

¢ Technology in the AAL context is normatively charged

« Different to the engineering perspective, which uses
technology in a strategic way for solving problems, the ethic
perspective asks for the balance between feasibility and

responsibility

e This distinction creates freedom of thinking and (technical)
acting
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Definition: ,,Smart Home*“ VC&HCT

Smart Home (,,Intelligent living“) denotes systems and
technologies for interfacing and controlling devices
and services in the house (e.g. light, blinds, ...)

Smart Home technologies can be an important basis
for AAL services but offer rather comfort functions
than support in case of real needs.

AAL is not limited to ,in house-centric” applications
(Mobility, health, sustenance and supply, ...)

Needs of Daily Living go beyond comfort
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Technology as improvement of... VC&HCT

* Technology is a means for the purpose of improving
human life

* Since long ago man uses technical acting also in the area
of health and care to improve the lives of caregivers and
those cared for (make life easier, safer, healthier, less
suffering...)

* The specific about caring for body and mind of man can
be supported by technology, but not likely created (self-
produced) by it

* Conversely, technology can alienate such caring and
establish itself as an end — this applies on both an
individual and a social level
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AAL isn_ot VC&HC

AAL understands itself as extensive, mainly technical help
system, which shall allow people with temporary or permanent
restriction in autonomy a largely self determined life.

It (AAL) is to be differentiated from:
e Enhancement — surpassing of to date existing abilities
* Help as total usurpation, not asking anything anymore from

the individual

AAL is about

« ..an intelligent combination of technical and social
elements with the aim of restoring or maintaining people's
autonomy

* Inso doing also moments of ,,natural” losses of vitality and
autonomv have to be regarded
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Ethical implications of AAL? veancr

Technological progress always is ambivalent.
AAL as technical application changes our view of the
individual as well as of our living together.

Here, moral questions on status and form of living of
humans are concerned:

* Dignity and identity of persons

* Safety and freedom of individuals and society

* Support and incapacitation

* Control and apathy / indifference in society

* Standardisation pressure and individualism in helping
* Burden and relief as social task
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Socio-technical implications VC&HC

* Not just the application of technical
artefacts poses moral questions

* It starts earlier: Technical design already is a

morally loaded decision

* The technical design of artefacts and
arrangements directs the user already into a
certain way of acting and creates moral
implications

* Currently reflection arenas for socio-technical
transformation processes are largely missing
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Socio-political implications veaHcr

These technologies are laid out in generation overarching

way.

Boundaries of health assistance, comfortable lifestyle and

physio-psychical enhancement become blurred.

* How to protect ourselves individually and societally from
loss of (bodily) self-experience?

*  Which social adaptive performance will come out of the
technical standardization / norms ?

*  What does this trend mean for the old age phase and for
the phase of dying?

* How does societal cohesion develop, when social
responsibility — at least partly — is delegated to technical
systems?
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Critical closer examination: veancr |
Is helping always beneficial?

AAL understands itself as comprehensive help system.

Helping is a morally an ambivalent phenomenon; helping is

not unconditionally fine.

Down sides are:

* Help canincapacitate

* Help can paralyze existing skills

* Help systems produce , helpless helpers” (Schmidbauer)

* Help can delay the process of dying

* Help canincrease the pressure to be satisfied with
some help (AAL) and otherwise remain socially
unsuspicious.

* Help as a market tends to stimulate demand
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Medical ethics e

This ethical system is called “Principlism” and

consists of four ethical principles (Beauchamp,

1979):

* Autonomy: Respect the autonomy of the
person.

* Beneficence: Your action should bring
benefit to the person

* Non-maleficence: Your action should not
harm the person.

* Justice: Consider in your action the social
(=fair) distribution of benefits and burdens
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Robot Ethics vs. Machine Ethics VC&HCT

Robot Ethics
is concerned with the moral behaviour of humans
as they design, construct, use and treat such beings.

Machine Ethics (or machine morality)
is the part of the ethics of artificial intelligence
concerned with the moral behaviour of artificially
intelligent beings.
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Riek and Howard: HRI VC&HC

Riek and Howard 2014 composed considerations for
HRI related ethical guidelines, e.g.
* Continuous respecting of emotional needs of
persons
* Continuous respecting of human right on privacy /
data protection
* Respect human frailty, physically and mentally
* The tendency to develop bonding and to
anthropomorphise the robotic system should be
considered carefully in design
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Machine Ethics VC&HCT

Ethics for ,intelligent machines”:

A robot as , partner on workplace” or as
,companion/butler” of old people or disabled persons
needs moral competences.

It has to have an ,,ethical system“, to be able to:
* cooperate, especially in complex social situations
* “understand” human decisions
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AT and AAL — a broad spectrum e

AAL is applied mainly in following areas:
1. Increasing safety

Communication and social participation

Health, care/support and medicine

Activities of daily living

Play and learn

Mobility

Comfort, wellness, lifestyle

® N E W N

(workplace — 55+)
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Machine Ethics VC&HCT

Robots follow ethical principles, because
* These result implicitly from the design process
e Orasconsequences from an explicitly developed

ethical system
* Ethical principles for robots and the ethical

principles for designers, developers and

integrators do not necessarily need to be identical.
* The ,ethical system” will also be different for an

autonomous vehicle and for an AAL robot in the

flat of an old user.
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Ethical socio-technical arrangements  vees

* No technology assessment
* No professional ethics
* No principlism

¢ Considerations of the concrete social situation and its
change through technology

e Evaluation by affected people
e Evaluation on different layers

* Analysis of the range of implications of action and actor
specific responsibility

* Synopsis of individual preferences and socio-political goals

e Ethics # majority appealed moral
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Results of a study on ethical issues in the area of
,age appropriate assistive systems”

https://www.researchgate.net/publication/304743219_Ethical_guestions_in_the_area_of 3|

I

opriate assisting systems

The study contains 2 main results:

MEESTAR: an ethical evaluation

instrument
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MEESTAR: Model for the Ethical Evaluation
of Socio-Technical ARrangements
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Identitication and evaluation of VCRHCT
ethical problems

Identification of ethical problems
* Associating moral emotions
* Describing moral problems
—i.e. allocating the problem to one ore more moral

dimensions (care ...)

Evaluating ethical problems

* Estimate and justify the degree of ethical sensitivity
regarding a problem

* Consider coherence and interaction of different
factors in the evaluation
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Possible steps of procedure within a VCRHCT
MEESTAR workshop

Should be ideally and interdisciplinary workshop, e.g.
with researchers, developers, providers and users of a
distinct technology (and guided by an expert).

* Introduction to ethics and the model (MEESTAR).

¢ Common understanding of the scenario, which describes the
planned socio-technical arrangement.

* |dentification of ethical problems — in three working groups.

* Evaluation of the ethical problems — in three working groups.

* Synopsis of the results of the three working groups.

* |dentification of work tasks.

* Agreement on methods of resolution.




image123.png
Theoretical premises of MEESTAR VCaH

* The distinction of ethics and morals.

* The increasing coupling of human body and ICT
accessed environment.

* The indispensability of the interfaces between huma
body and world.

* The standardization of individuals and society
through technical systems.

* The possible loss of human self-experience and self-
determination caused by the hardly perceivable
ambient technical systems.

* The possible absence of individual and societal
reflection on the determinative power of technical
systems.
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MEESTAR offers
Opening many perspectives

Creation of sensitivity / awareness

Joint discussion on ethical problems
among the team members

Assessment of a concrete scenario

Development of solutions for ethical
problems

MEESTAR does not offer

Quantitative assessment

Ethical assessment with universal
validity

Avoid/replace own reflection
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Ethical criteria for AAL veaHer |

* AAL means supporting and re-establishing human
capabilities, not their replacement or surpassing

* AAL must not overwhelm or incapacitate the
assisted person

* Voluntary consent to the use of AAL, no compulsory
application to ,own best”

* Robotics and replacement of people (job
replacement at workplace) must be well considered

* Human-bound, transparent and intervenable
decision hierarchies.
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MEESTAR - Summary VC&HCT

* The MEESTAR toolkit is a useful and pragmatic

instrument to ...
* toraise awareness regarding ethical issues and
* totrigger ongoing discussions among the project team
members
* MEESTAR is currently often used in AAL projects

* MEESTAR proposes a structure of 3 axes
e 7 ethical dimensions (care, autonomy, safety, justice, ...)
e 4 stages of ethical sensitiveness (from “completely
harmless” to “should be opposed”...)
* 3 levels of observation (individual, organisational,
societal)
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AT and AAL — many potential users veeH

AAL has several users:

1.

Primary users: old person (mostly at home)
- allows more independence

Secondary users: relatives, live at distance, -
reduces concerns and burden

Secondary users : support and care staff,

therapists.
- reduces effort, helps in assessment

Tertiary users: funders, society
- reduces costs, keeps people (socially) active

- It should work for all of them
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Ethical guidelines for application of vesser f
age appropriate assistive systems

1 Self-determination
Age appropriate AS shall help users to live a self-determined
life

2 Restricted self-determination/autonomy
Application of age appropriate AS for cognitively impaired
persons should only be done after separate examination of the
presumable will of the user

3 Participation
Age appropriate AS shall support the participation in societal
life and integration in societal and social groups

4 Justice

Access to age appropriate AS should be designed free from
discrimination
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5 Safety
Use of age appropriate AS has to be safe for all user groups,
both in normal use and in case of potential malfunctions and

failures of the whole technology or parts of process chains

6 Privacy
Age appropriate AS shall not negatively affect the personal
lifestyle

7 Data protection
Person related data or data in other ways to be handled
confidentially, which are collected, documented, evaluated or
stored in the context of age appropriate AS, shall be protected
against misuse by third parties in best possible ways.
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8 Informing& informational self-determination
Users of age-appropriate, technical AS shall be fully informed
about the function and collection of data about them and the

functions of the system and only based on this give informed
consent

9 Liability
Assumption of responsibility and liability in case of a
malfunction of age-appropriate AS have to be arranged in a
transparent and compulsory way.

10 Picturing age
Age appropriate AS shall allow manifold role depictions of age
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11 Avoid discrimination and normalisation
Stigmatisation or discrimination in the context of using an age-
appropriate AS is undesirable. Equally undesirable are
normalisations (direct or indirect) originating from the systems

12 User-friendliness
Age appropriate AS shall be designed such that for the users
they are easily, intuitively and well understandable useable

13 Contractual provisions
Users of age-appropriate AS shall have the possibility to exit
from the contract

14 Qualification and advanced training

All agents in the area of age-appropriate AS shall regularly
partake in advanced education and training
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15 Responsibility & best possible support by technology
Vendors of age appropriate AS shall act responsibly; assistive
technologies always should be applied for the advantage and
good of the users
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Possible risks and possible benefit for .
test persons

Risks ___________[Benefit

Physical damage Access to (free) treatment
Social or emotional damage Emotional support
Stigmatisation Psycho-social support

Loss of privacy Contribution for society
(knowledge)

Lack of sensibility against

witilmaralhla oA 1A e
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Informed Consent (IC) VC&HCT

* Written and signed document, comprising all

relevant information about the study
e E.g.purpose, procedure, duration, benefit, risks of
the study, data declaration, responsible person
* To be obtained from test persons immediately
before the study

* Although test persons partly received
information already during recruiting, the
degree of knowledgeability when beginning
the study still will be very different
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Declaration of consent VegHCT |

Has the test person been thoroughly informed and is
he/she willing to voluntarily participate, the declaration
of consent will be signed (as part of the IC process).

The written declaration of consent then has to be also
signed by the test leader (TL) and stored in a safe place.
Also afterwards the test person TP of course has the
right to prematurely exit the study. In the IC therefore it
must be expressly stated that the TP can exit without
giving reasons and without having to fear disadvantages.

Two important purposes of IC:
= To inform user before signature
= For legal consent
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Withdrawal of consent VC&HCT|

Furthermore, in the IC there must be stated
that the TP has the right to ,,withdraw“ his/her
data after the study, how such elimination will
happen (e.g. shredding of paper questionnaires,
purging of digitally stored data from all storage
media) and to whom and in which form the
deletion can be requested (by telephone, mail,
eMail, personally)
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Data protection and confidentiality VC&HCT

* Besides anonymization of the data it has to
be ensured that all data are kept safely
stored, meaning not accessible by third
parties or non-authorised persons, ideally in
a locked place

* Anonymization and safe storage also apply
to psycho-physiologic data (e.g. recordings of
heart rate), performed with specialised
devices (e.g. ECG) and stored digitally as well
as for Video-/Audio recordings.
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Conclusions VCEHCT )

* AAL as a background for assistive systems is a
complex melting pot of influences

* The classic consumer does not actively appear, but
the user remains centrally important

* Previous individual solutions were unsuccessful
because they were too classically oriented

* The economic potential is huge and growing but not
easy to implement

* Assistive systems need to be open to networking
(including future ones), which can not be reconciled
with proprietary solutions

* |n addition to the hardware, it needs a comprehensive
service (instead of a new device every 6 months)
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Data protection and confidentiality veeH

Digital data should generally be stored on
hard disks and not on removable storage
devices which easily can be lost or can be
easily accessed, e.g. USB sticks, CDs or DVDs
Furthermore, PCs or Laptops, on which
sensible data is stored, should be protected
by a firewall, to prevent unwanted access
from the network or via Internet.
Encryption of the hard disk has to be
considered
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Data protection and confidentiality vee

* All researchers and assistants have to be
obligated to secrecy

* Secrecy concerns all data collected in the
study as well as all private or other
information disclosed by the test persons
during participation in the study
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Ethik-Checkliste
fur die Planung und Durchfiihrung von wissenschaftlichen Studien

Nein

im Bereich neuer Technologien

Rekrutierung

Wurde beim Rekrutieren das Ziel der Studie erlautert?

Waurden die Anforderungen, die eine Untersuchung mit sich bringen, offengelegt?

Empfang (und Verabschiedung)

Wurden vor Ort Hinweisschilder angebracht, die die Testperson zum Untersuchungsraum

leiten?

Wurde die Testperson angemessen und freundlich empfangen? o110
Erfolgte eine angemessene, persénliche Verabschiedung mit Dankesworten am Ende der Q|0
Untersuchung?

Einschatzung von Nutzen und Risiken

Wurden mégliche Risiken identifiziert?

Wurden alle Schritte unternommen, um die Risiken zu minimieren? ") e}
Rechtfertigt der Nutzen die Risiken?

Informed Consent
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Informed Consent

Wurde ein Informed Consent (IC) vorgegeben? Q10
Beinhaltete der IC folgende Punkte:
- Ziel der Untersuchung Q10
- Dauer und Ablauf der Untersuchung Q|0
- Hinweis auf Freiwilligkeit der Teilnahme Q|0
- Hinweis auf Moglichkeit, jederzeit die Untersuchung abbrechen zu kénnen und wenn ja, wie | Q | Q
- Erlauterung des Nutzens Q|0
- Hinweise auf Risiken Q10
- Art der Vergiitung (falls vorgesehen) Q10
- Zusicherung des Datenschutzes Q10
- Erlauterung des Rechts auf Loschung der Daten nach Abschluss der Untersuchung Q|0
- Kontaktperson fiir Riickfragen Q|0
Sind die Informationen verstandlich formuliert? Q|0
Wurde eine Einverstandniserklarung unterschrieben? Q|0
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Untersuchungsdurchfiihrung

Wurden ékonomische Testverfahren ausgewahlt? Q10
Ist die Befragungs- bzw. Testdauer fir die Testpersonen zumutbar? Q10
Waurde die Moglichkeit, Pausen zu machen, einkalkuliert? Q10
Bei dlteren Testpersonen: Wurde das Layout der Fragebdgen an die Bedirfnisse dlterer Q10
Menschen angepasst?

Waurde eine angenehme Testatmosphare geschaffen? Q10
Erhielten die Testpersonen genaue Instruktionen (z.B. beim Ausfiillen von Fragebdgen oder beim Q|10
Hantieren mit technischen Geraten)?

Hatte die Testperson eine Moglichkeit, Feedback zu geben (miindlich oder schriftlich)? Q10
Wourde der Testperson angeboten, Ergebnis-Feedback zu erhalten (individuell oder Q10
kollektiv)?

Wourden die Daten anonymisiert? Q1|10
Waurden die Daten sicher aufbewahrt? Q10
Waurde von allen Forscherinnen eine Verschwiegenheitserklarung unterschrieben? Q10
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Summary

¢ Awareness of ethical dimensions
in AT / AAL is growing,
but more could be done

*  Mostlyitis not lack of interest,
but lack of time

¢ Funding organisations, user and
research community are in a central
position

¢ They have to be encouraged to actively
contribute to shaping research guidelines and
formal assessment processes, so that the
requirements of AT / AAL research is covered ™
in a better way.
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Legal framework conditions ve

* Application of Assistive Systems (AS) spans

different legal areas:

* Fundamental rights

* Simple legal ruling

* Legal ethics aspects
* Different according to environment

* Research project

* Private area

* Care home / sheltered housing
* User

* Health state

* Legal state
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Legal framework conditions VC&HCT

* In fundamental rights area mostly affected:

Fundamental right on privacy
Fundamental right on data protection
Fundamental right on personal freedom

* Insimple legal regulations:

Liability law (civil law fault-based liability, product
liability, but also criminal sanctions)

Warranty rights

Data protection regulation

Care home/involuntary commitment law

Legal guardianship
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Legal framework conditions ve

* Legal ethics aspects play an important role

outside the private use
e (e.g.in care institutions and in research projects)

* To be observed particularly:
* Maintain freedom of decision of users
* Integration of users e.g. in recruiting
* Exit strategies;
e Handling of user data
e Avoid legal , twilight areas”
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Distinction: Medical products e

* Medical products are objects, used for therapeutic
or diagnostic purposes which are no

pharmaceuticals
e Instruments, apparatus, substances, ...
e E.g. plaster, blood pressure meter, MRl scanner

* Development, production and selling of medical
products are governed by special legal and
standardisation rules (Medical Device Directive =
MDD / Medizinproduktegesetz = MPG)

* AAL solutions can be medical products, but do not
need to

» Distinction is by purpose of the AAL solution!
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Assistive systems VC&“CT‘

Technical devices, forming Assistive Systems
consist of:

* Sensors:

* Sensing environment and presence/activities of user
(infrared, temperature, illumination, vibrations, ...)

* Arean important source of context information and
decisions

* Interoperability: independent technical devices (e.g.
Tablet, TV, movement sensor, fridge, entrance door)
shall be able to ,communicate”, i.e. there ought to be
universal ,standard” interfaces and interpretation of
data must be clear (value range, timestamp, etc.)
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When do AAL systems become medical
products?

* Systems for support in the household, social
interaction, communication
*  Usually not

* Systems for medical application (tele-medicine
systems, patient files, ...)

*  Usually always
* Overlap areas
e E.g. system for activity detection / - monitoring
* E.g.user interfaces / base stations with medical sub-:
functions

* Intended purpose decides — inform user!
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Seven golden rules of data protection  veaxe

1 Legitimacy
Every processing of data needs a legal foundation in
form of a legal base, a contract, a company regulation or
consent of the person affected

2 Consent
Consent is only valid, if the affected person has been
sufficiently informed and the consent is given voluntarily

3 Earmarking

Person related data must only be used for the purpose
for which they were collected
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4 Necessity
Data processing has to be restricted to the necessary scope
for the purpose of its collection

5 Transparency
Collection and processing of data has to be transparent to
the affected person

6 Data safety

Data protection is only guaranteed if person related data is
processed in a safe way

7 Audit

Data processing has to be internally and externally
auditable
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Anonymisation and pseudonymisation veahct

* Data protection rules apply to person related
data
* They do not apply to anonymised or

pseudonymised data

* Anonymisation: association with person deleted

* Pseudonymisation: association replaced by key
and much more difficult to find correspondence
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Protection of privacy veaHe

In order to detect dangerous deviations from

usual procedures ...
... to be able to provide help (detect wishes and

intentions) ....

... a lot of data has to be collected.
... a lot of personal data about the behaviour of

the inhabitants must be collected and
processed.
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Protection of privacy — many questions vea

* What happens with the data?

* Where is the data stored?

*  Which conclusions are drawn from it?

* Where does data get forwarded to?

* Who has access to the data?

* When and how the data gets anonymised?
* How long is the data stored?

* When does the data get deleted?
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Privacy By Design— veaHCT
The 7 Foundational Principles

1. Proactive not Reactive; Preventative not

Remedial

2. Privacy as the Default Setting

3. Privacy Embedded into Design /privacy in design
4. Full Functionality — Positive-Sum, not Zero-Sum
5. End-to-End Security — Full Lifecycle Protection
6. Visibility and Transparency — Keep it Open

7. Respect for User Privacy — Keep it User-Centric
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Definitions VC&HC

* AAL System: technical system (product or
networked system) for an AAL application
(e.g. fall sensor, Smartphone application, ...)

* AAL Service: service on base of an AAL
system, fulfilling a user need (e.g. senior
alarm service with callback and emergency
service)

* AAL solution: AAL system configured (and
maybe adapted) according to individual
requirements
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Possible AAL services Vea

* supervision, consulting and coordination of
support offers

* Installation, maintenance and training

* Every day support (Mobility service,
household support)

* Safety and emergency services

* Technology based ambulant care




image156.png
What are business models? VCEHCT

* Business models rest on 3 pillars:
* Value proposition: What does the client benefit
from the business?
* Architecture of the added value: How is the
business accomplished? (supplier, service
provision, market access, ...)

* Profit model: Whereby the money is earned
(profit)?
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Assistive systems Ve

* Control software:
e Evaluation of sensor signals based on rules,
* taking decisions,
* control of actuators

* User interface
¢ (should be simple despite complexity),
« fitting to user group.
e Serves information and control purposes
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Summary VC&HCT

* AAL-Systems often require innovative business
models for a solid implementation, also across
boundaries of classic business sectors

* Main components of business are value proposition,
architecture of the added value and profit model

* Typical AAL business models are based on e.g.
orchestration (housing industry, care provider,
community, IT provider) or customer loyalty effects
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VC&H(

Conclusions

* AT and AAL have an increasing market
potential based on the demographic change

* There is need even for simple starter
products — but first important questions on
suitable business models, fitting forms of
financing and good acceptance have to be

answered.
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Informed Consent (EU Directive on vesucr
clinical trials (2001/20/EC)

* A (test-) person is giving "Informed Consent" if his/he
decision to take part in a trial is ...

* ... given freely after that person is informed of the
nature, significance, implications and risks of the trial
and either:

* is evidenced in writing, dated and signed, or
otherwise marked, by that person so as to indicate
his/her consent, or

* if the person is unable to sign or to mark a document,
his/her consent is given orally in the presence of at
least one witness and recorded in writing.
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The subject has had an interview with the investigator, in
which s/he has been given the opportunity to understand
the objectives, risks and inconveniences of the trial and the
conditions under which it is to be conducted.

The subject has been informed of his/her right to withdraw
from the trial at any time.

The subject has given his/her informed consent to taking
part in the trial.

The subject may, without being subject to any resulting
detriment, withdraw from the trial at any time.

The subject has been provided with a contact point where
he/she may obtain further information about the trial.
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Checklist ethical clearance vegHeT |

* Will the research project involve human subjects, with or
without their knowledge or consent at the time? (Note:
'Human subjects' includes yourself if you are the main subject
of the research.)

* Is the research project likely to expose any person, whether
or not a participant, to physical or psychological harm?

* Will you have access to personal information that allows you
to identify individuals or to confidential corporate or
company information?

* Does the research project present a significant risk to the
environment or society?

* Are there any ethical issues raised by this research project
that in the opinion of the Principal Investigator (PI) or Student
Researcher require further ethical review? wommsseseu
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A two-step approach VCRHCT

STEP ONE: capture requirements
Central question:
What does the user want / need?

STEP TWO: Assessment

Central questions:

Have the user needs been recognised correctly?
Does the solution take effect as planned?

Does the solution get accepted?

Mere function is not sufficient!
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Analysis of project environment CEET

Step 1: Who are the stakeholders? (elaborate a
list). Possible questions:

Who funds the project?

Who has interest in the implementation of
the project?

For whom does something change
through the project?

Who can make mood for / against the
project?

Who has expectations for the project?
Who has to agree to certain parts?
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Step 2: Assessment of attitude, influence and
interest for all stakeholders
* attitude: more neutral / proponent /
repudiator (maybe not yet clear)
* Influence/importance: low, medium, high
* Interest: high, medium, low

Step 3: For every stakeholder
* What are the central expectations?
* What are the central concerns?
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Contextual Inquiry VCBHCT

“Contextual inquiry” is a qualitative method,
which combines principles from different areas
and transfers them onto design tasks:

Participatory design (inclusion of users)
Classic interview techniques (social science)
Observation methods (ethnography, social
science)

,think aloud” (cognitive psychology)
Brainstorming (economy)
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Contextual Inquiry: goals VCBHCT

* Collect information about the users in their
usual context

* Insight into living environment

* Insight into tasks and goals

* Understanding of framing conditions
(expectations, rules, wishes, values, ...)

* Understanding of problems and difficulties in
the current condition
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Assistive systems VC&HC

* Actuators:
e Can actively influence states in the environment
(switchable power sockets, light, heating)
e Can also initiate emergency calls

* Combinations of sensors and actuators:
e Power socket: senses current (sensor) & switches
(actuator)
* Tablet, Smartphone, Smartwatch: Microphone
(sensor) & speaker (actuator)
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Summary VC&HCT|

* In system drafting (simplified) ethnographic
methods are applied, to learn more about
users and their needs

* Technology supported observation methods
can make important contributions, where a
direct observation or participation is not
possible
* Context-aware experience sampling
* Cultural Probes
* Technology Probes
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Cultural Probes vs Technology Probes VeaHc

“Cultural probes” and “technology probes” are both
methods often used in co-designing.

Cultural Probes: acquiring subjective user experience

in the context

* Collection of ,activating tasks”, which include subjects into
the investigation.

¢ Small packages containing e.g. map, camera, diary and
evocative tasks to motivate to record specific events,
feelings or interactions

e Goal of Cultural Probes are not scientific investigations but
gathering a collection of inspiring artefacts / observations
from the participants’ lives, environment, thoughts for use
as inspiration for the design activities
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Technology Probes: Use of prototypes as instrument
for investigation
* Participants get new technology (prototypes)
provided for use, e.g. in their home. Note, this
may influence their existing routines.
* Measure user behaviour (e.g. by logging)
* Use of measured data as inspiration for the
design activities
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Construction of Personas

* Goals

* Views and attitudes / offenses
* Habits and activities

* Abilities and knowledge

* Photo and name

* Demographic data

* Personal details

Always within concrete project context !
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Starting point VCEHCT

Participation in the design process is desirable,

but
* How does it work with users with cognitive
restrictions (e.g. Dementia)?
*  What has to be considered with disabled
people? Or with severely ill?

This are ,,normal problems” in projects in the
area of AAL and Assistive Systems
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Problem field: definition of the target g
group

Goal: representative user group

Example ,older users”
* Very heterogeneous target group
* Chronological age is a bad criterion for
differentiation

Clear, good elaborated inclusion criteria needed




image173.png
Context: mentioned so far VC&H

User-centred Design

Needs, requirements, abilities and goals of
the users and the context of use are put in
the centre

Context analysis, ethnographic methods,
Scenario-based design support a good
understanding of the problem
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Context: mentioned so far VC&HCT

Participatory Methods

* Userincluded directly in development and
decision processes

* Joint design activities (e.g. workshops)
ensure that the perspective of the user is not
lost in the development process
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STEP TWO: Assessment VC&H!

(presumable) user needs are acquired ...
Have the needs been recognised correctly?

The point now is, to determine, if usage brings
benefit

* Do the solutions take effect as planned?
* Do the solutions get accepted?

- Mere function is not sufficient!
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Motivation: evaluation driven Vc&m‘
development

Problems in (AAL-) development projects:

Users often cannot formulate requirements
and goals in concrete terms
Users often find it difficult to imagine

technical solutions
Developers and users can hardly estimate the
impact and acceptance of using future

systems
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Assistive systems VCEHC

Base principle: perceive --> decide --> act

* Perceive: Sensor data is processed as basis for
context (pre-processing)

* Decide: Mostly based on rules and based on the
current context a decision (set-actual comparison

etc.) is taken
e Act: The current state shall be transferred into the

desired state or a deviation shall be flagged

Traceability/liability?
=> Logging (problem with some Al)
AAL is more complex than traditional systems
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Examples of questions conceptually veaHCT
hard to clarify

Usability questions:
Will older users be able to get along with

gesture based control?

Acceptance questions:
How much acceptance will caregivers and care
receivers develop for robots in their household?

Benefit questions:
How accurately can a monitoring system detect

specific situations in daily life?
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Solution: Prototyping & Evaluation VCRHCT

A prototype is a limited representation of a
design, allowing users to interact with it and to

explore and check its suitability

* Prototypes permit early evaluation of partial
aspects of a solution approach

+ They form a bridge between abstract system
description and the ready made system

+ Development effort for a prototype often is
very small in comparison with that for the
complete system
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Why Prototyping VCRHC

* For visualisation, for convincing

* Less misunderstandings, more direct
interaction

* Better communication also inside the team

* Allows users active participation in the
design process

* Inspires reflection

Assessment, evaluation and feedback
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Examples of prototypes veas

* Scenarios, storyboards, video scenarios

*  Mock-ups from wood, cardboard, plastic

* Paper prototypes, PowerPoint slide shows
* Software mock-ups (,click dummy®)

* Operable models

* Functional device prototypes

* Wizard of Oz
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Classification of prototypes: vearcr|
throw-away” vs. “evolutionary

Test prototypes (or: “throw-away” prototypes)
* Develop -> test -> evaluate -> discard
* No re-use in the final design
+ E.g. on the basis of expensive universal
systems

Evolutionary prototypes
+ Stepwise improvement/advancement until the
final system
» Especially possible with software
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Wizard-of-Oz prototyping VCRHCT

Advantages
* Evaluation of the user experience for not
yet realised (or not yet realisable) systems
Possible problems
* Delayed response (time for answer by
,Wizard“)
* Unrealistic behaviour (Wizard ,smarter”
or ,more stupid” than later computer
system)‘
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Evaluation: established test —
approaches

Classic laboratory experiments
* Heavily controlled conditions
* Good reproducibility
e Little closeness to reality / Little realism

Classic field studies
* High closeness to reality

* Many influences, few controllable conditions
* High effort
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Video prototype veancr |

To limit the needed effort and to be able to reach a
higher number of users or experts it is advisable, to

make use of videos of real or simulated usage
scenarios.

These together with a questionnaire can be easily
offered on a website or be distributed to experts.

Example: video recorded interactions with assistive

robots presented via web site; plus questionnaire to
evaluate HRI
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Living Labs VC&HCT

The term ,Living Lab“ describes the idea, to

make real usage environment to a laboratory
* Real users
* Real environment
* New technologies / instrumented environments
* Not only for single projects, but complete
infrastructures
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Example: Living Labs in AAL veaHcT

Living Labs (LL) in AAL

* Make technologies and usage
scenarios come alive

o~

h o)

° User and domain experts)://f _

development process

>

® Evaluate research results

4]
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Assistive systems veat

Context information
describes the current state of the system space

* Context information is all information that helps th
system to best assess the current situation

*  To have as much context information as possible
facilitates the assessment/decision

* But unordered masses of data still bring no added
value

* Proper selection and preprocessing important

* Sometimes an automated system recognizes
patterns without pre-defined rules (self-learning)
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Important aspects of agile methods VC&HCT

Agile methods are based on short, iterative
cycles instead of long layout phases

Agile methods are well suited when
requirements are uncertain (often the case
with high level of innovation)

Agile methods create transparency and rely
on high self-responsibility in the team

Agile methods need clear rules and high
methodical competence (e.g. on the basis of
frameworks like Scrum)
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Field tests — Real Life tests ve

To be considered:

Initially unknown living environment (each user!)
initial check, planning

Power supply, cabling

-> often few power sockets, no loose cables
Fixation(sensors) -> no drilling, damage

Space for devices, chargers

-> cleaning, dynamic use of space

Time for installation/test/removal

Invasion into privacy

->no ,raid“ by huge group of researchers in old
person’s private space
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Summary VCRHCT

e For requirements gathering often a mix of different methods

is applied (interviews, focus groups, questionnaires, cultural probes,
technology probes, Personas, Scenarios,...)

* Many different stakeholders usually need to be addressed

e Evaluation should start early with first (simple) prototypes,
long before a full functional system is available

* Prototyping often uses “throw-away” (“test”) prototypes or
“evolutionary” prototypes

e Living Labs and Agile Methods offer new possibilities for co-
design and evaluation

e Evaluation of a final system in real life environment (e.g. at a
user’s home) is very challenging but can bring important
insights regarding acceptance and actual benefit (added
value)
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Assistive systems VCaHC!
Obtaining contextual information:

* Sensors (= external from the perspective of the
control software)

* Internal state management e.g. if "light off"
command was sent and it is night, the system
knows it should be (most likely) dark now

* Logical reasoning ("inference"): e.g. if high humidity
in the bath it was / is (probably) showered / bathed

* User activity on user interface (direct commands
but is also a kind of sensor)
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Assistive systems VegHCT |
Different interaction types:

» explicit interaction” is the conscious control of the
system, e.g. by hand gesture ,,Radio on“, by GUI /
Touchscreen, by voice command, by button...

« implicit interaction” controls the system by
behaviour, which does not require concrete
attention of the user, e.g. entering a room or
sitting down on a chair
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Assistive systems VCaH

* Isit really beneficial to have access to all possible
functionalities at all times?
* Oris it better to restrict access to a smaller
number of functions (cf. Apple)?
* Goal: simplification of use, avoid errors.

« intention based interaction”: the system
learns/estimates which functions the user could
need in a specific situation and hides the rest or
actively proposes a function
* Disappearing functions might be confusing
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Assistive systems VCaHCT
»goal based interaction”:

the user doesn‘t activate a specific function of a single
device (,coffee machine on”) but formulates a goal,
which the assistive system shall achieve (,, | like to have
breakfast with coffee in 5 minutes “)
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Assistive Systems vea

Assistive Systems consist of
* technical devices (,networked devices”),
* spread over some area (,,system space”) and
* together as network they form the system,
* which supports the user in meaningful way

Different common terms:
* Smart Environments
¢ Assistive Systems
*  Ambient Intelligence (Aml)-Systems
*  Ambient Assisted Living (AAL)-Systems
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Speech recognition: challenges veaHCT [y

* Forreasons of acceptance microphones not on body

* Variable distance to user, room acoustics influence
recognition rate, also dialects and voice level

* Environmental noise causes errors or blocks
recognition (street noise, Radio/TV)

* Users often “speak to themselves”

* |n case of problems users tend to speak louder or
involuntarily more distinct (unnaturally) or to repeat
impatiently or add (curse) words — which doesn‘t help

* Speech recognition sometimes is not enabled/ready or
has a context-based vocabulary, which is difficult to
understand for the users

* Recognition is just similarity/probability-based (whi'e
users mav expect it to work perfectlv 29
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Speech recognition: variants VC&HC

Fixed grammar

* Selection from a fixed set, fillers partially dismissed
(wildcards)

* Similar sounding words less of a problem (unless
distinction necessary)

* Needs a lot of foresight on complete necessary vocabular

Free vocabulary

e All known words are accepted

* Meaning of utterance to be found in whole input

* Key words as anchor

e Grammatical analysis necessary (find subject, verb)

e Similar sounding words are more problematic (can be
easily confused=

Fixed trigger phrase at start -> safer (“Alexa”)

Processing locally or ,in the cloud”




image24.png
Speech output veser |
(TTS = Text To Speech)

Speech is a very natural communication channel,
available without further foreknowledge and which is
easily understandable.

Speech output addresses the person and creates
“Personality”.

Nowadays very fine voices in many languages.
Application mostly hassle-free, but possibility for
repetitions/queries needed (volatile information).
Attention: some people are scared by being
suddenly addressed by a voice (hearing voices out of
nowhere) e.g. people with dementia
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Terms and definitions: Disability veaHer |

Disability denotes a permanent and grave
impairment in the social and economic sharing
and participation of a person.

Often mixture and superposition of barriers
(adverse environmental factors) and individual
impairments of a person, which make it difficult
to overcome barriers.

Disability usually means a reduced ability to do
something.
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Age induced Syndromes:
The five big ,,I’y Yera

Ill

The five big ,,

* Intelligence decline (most of all different forms of
dementia)

* Immobility, (lack of movement, Arthrosis, paralysis)

* Instability (health e.g. stroke, fall)

* Incontinence (urine or stool)

* Impairment of... (restrictions in sensory organs)
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Age related restrictions: hand, vean
dexterity, fine motoric skills

* Shaking/tremor makes accurate positioning
difficult

* |t can become difficult to extend the arm
towards touchscreen

* Reduced sensibility reduces feedback in
touchscreen interaction

* =>Big elements and haptic feedback
(,pressure/trigger point”) important
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Dementia: change in communication e
behaviour

Problems with memory (names, denomination, ..)
Decrease of spatial and temporal orientation,
increasing loss of sense of reality

Difficulties in inter-personal communication
(understanding, frustration)

Decline of importance of oral communication
Influence on social interaction (outburst of
emotions, unrest, withdrawnness)

Increasing importance of non-verbal
communication, emotional approach
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Dementia: benefits of Assistive Vc&HCT‘
Systems

(early) detection from behaviour patterns

* Recommendations

* Instructions and management

* Temporal orientation

* Spatial orientation

* Assistance with communication and contacts
* |dentification of persons

* Finding/identification of objects

* Safety (wandering detection)

Application in addition to other measures and therapies
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Active by networking and integration  vesscr|

Active systems use sensors and triggers and
time to get themselves active, which means
addressing the user to suggest or finalise tasks
in a defined way, and they consider context.

As opposed to singular applications they
combine proven ideas and system knowledge in
one device and therefore can be more flexible
and versatile and grow with demands.
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Activity, autonomy, animism, Vc&HCT‘
presence...

As opposed to ,inanimate”, passive tools, AS are
more autonomous (,,agents”).

AS are to a certain extent autonomous and ,co-
operate” with the user. They appear ,animated”.
It is normal, that this causes a certain empathy
(not only with robots).

For atypical consumers, who are ,, dependent”, it
is important that AS act autonomously and thus
create ,presence”, i.e. they get noticed and stay
in mind.
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Related terms VC&HCT

Affective Computing:
Interpreting the emotional state and adaptation

to it (instead of always staying passive in same
way)

Persuasive Computing:

Influence the assessment and decision taking of
humans (instead of neutral fulfilment of
commands)

Both are ethically sensitive areas.

Lots of literature from social science.
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Triggers and Conditions ve

Every action needs a trigger and a stop
condition
(,sense — decide — act” logic)

This can be

* Pointin time (time of day)

* Span of time (duration)

* Sensor data (e.g. position, movement)
* User action (confirmation, presence)

* Number/count (repetitions)

* External events (remote connection)
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Trigger time sEsEr

Typical example are calendar based reminders.
At a given time a reminder message is issued —
via speech, display etc.

Important goal: the user should confirm but
also be able to ask back

Important active condition: the user should be
close, or has to be called
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Condition: confirmation

What can happen?
* User not close enough
* User doesn‘t notice the reminder
* Userignores reminder
What to do?
* Wait until user is close enough
* Call the user
* Ask for confirmation
* Repeat
* Shift to missed reminder
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Monitoring of daily routines
Adaptation

VC&HCT‘

Active systems ,, detect” that the user is overactive or
less active than usual and usage of AS declines.
They then offer entertainment, information or a call

(advantage of integration). Or, they trigger an emergency
call, or they just log.

It is difficult to find the ,right” amount of activity,
without becoming annoying.

The reaction of the user can deliver information for the
monitoring and for further decisions (also for carers).
Long term adaptation.
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What is this ,,AT” and , AAL“? VCRHC

Background of Assistive Systems (AS):

AT = Assistive Technology (general term)
AAL = Active and Assisted Living
(earlier: Ambient Assisted Living)

* Technology, helping people in daily situations, often considered trivial

* Technology, helping helpers, do help more effectively and easily

* Technology, serving people instead of being served/handled by people

* Technology, which is easy understandable, because being ,self-evident”

* ATis the ,old”, broader term, coming from technology for disability

* AAL focuses more on the ageing society

* Assistive Systems exist both in AT and also AAL. We will concentrate on
examples from AAL, but not exclude aspects of AT.
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Attention and understanding VesHC

Complexity increases if the user is not so

receptive e.g. in case of dementia.

* The user can be frightened by a voice
suddenly speaking out of nowhere

e Attention has to be achieved first, before the
actual message can be transmitted (several
steps)

* Understanding, not only confirmation is
needed

* Repetitions needed, advance information

¢ Accustoming by freqguentness
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Current limits VC&HCT

With the current state of technology no
convincing example of an active use interface
with practically applicable implementation of
active elements is known.

(despite "Al” everywhere)

Often such systems are ,studied” (e.g.
instructions for washing hands) or particular
aspects (e.g. speech recognition) are worked on,

or ,normal“ interfaces are slightly adapted
(simplified).
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Outlook ve

In the longer term it would be useful, if a database
with (free or licensable) games, photo and video
material sorted by theme, year and place would
become available.

Rules for ,user behaviour” and for the adaptation of
the AS should also be collected and made available.

In future it is to avoid that each project develops
everything again from zero. Better: re-use results.

In any case carers should be always involved in all
measures.
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Summary VCEHCT

* Active user interfaces use information of triggers
(Sensors and/or time etc.) and want to achieve
something for and together with the user.

* The contact with the user is established actively, bu
the user also can ,initiate” it - but also terminate.

* Context is important. The user interface itself
becomes a sensor

* Goal achievement is actively pursued - motivation

* But: always only for bridging the gap until the next
personal contact (carer, day care, relatives), no
permanent replacement for human contacts!
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Robotics / Robots: Definition veancr f

* The term Robotics / Robots is not exactly defined

* Robotics is the science of development and construction of
robots

* Most often robots (mobile or stationary) denote machines for
managing different tasks, where movement or moving objects
isimportant

* Robotics comprises HW+SW: parts of informatics (esp. Artificial
intelligence), electronics and mechanical engineering

 Artificial Intelligence denoted technologies for enabling
computers to autonomously solve problems (pattern
recognition, classification, knowledge based systems, ...)

* With increasing use of sensors the differentiation from ,simple”
machines becomes more difficult
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AAL Robots: Attempt for definition VC&HC

A robot in general

* |s a computational intelligent system

* With input and output (data, actions ...)

* With a set of algorithms (initially) designed by
humans

* With a (potential) ability to adapt and learn based
on data and earlier decisions

* Can be regarded as “autonomous” within a given
domain or environment (which might change) as
long as they can accomplish their tasks

* May appear “alive”

* Should be safe, reliable and trustworthy

¢ s a “work assistant”
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AAL Robots: Attempt for definition VC&HCT

An AAL robot is a robot that:

* assists the target group of older users including
users with disabilities.

* supports the target group during daily life or work.

* improves or maintains the independent living of the
target group.

A robot is a mechanism that has sensors and actuators,
makes sensor- or knowledge-based decisions in order
to fulfil its aims and is capable of visible motion in two
or more axes.
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Types of robots

» by application area:
* Industrial robots (e.g. welding robots,
typically not mobile, isolated)
* Service robots (services aside from
production)
* E.g. AAL robots

* by construction:
* E.g. humanoid robots (human-like robots,

typically walking machines or on wheels)
» E.g.driverless transportation devices

» by acting in separated vs shared space:
* E.g. welding robots in car industry acting in
strictly separated space
* E.g. AAL robot acting in user’s home sharing
same space with user

m—
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Differentiation according to Heerink:

Assistive robots

T ey

Non social assistive robots

Assistive
social robots

2

robots

Corﬁpéﬁ ion,_
robots

@i

~

Source: M.
Acceptance
Technology
Model, J of
pp-361 - 37
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Limiting factors veat

The application of service robots in the

domestic area is still limited, mostly by

* High costs

* Low performance (for “Activities of Daily
Living” = ADL)

* Acceptance

* Unresolved service structure

Could there be application scenarios for care?
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What does it mean ... ,System“? veaHT
Assistive Systems (AS) — Active and Smart

* Assistive technology, which is more than ONE
single tool != single assistive device/aid

* In AAL perspective it is no consumer product!

* Assistive technology which is interconnected
(networked)

* Assistive technology acting in parallel to
people and/or independently

* Assistive technology acting situation aware
(as opposed to strictly user command
oriented)
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Scenarios of robot application VC&HCT

* Domestic robots

* Driverless transport machines

» ,Toy/emotional robots” for Dementia therapy
* Communication / Telepresence

* Mobility aids (instrumented wheelchairs, ...)

* Service robots in professional care

* Lifting- and repositioning

* Rehabilitation
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Care robotics framework for care of VeRHC
old people (example)

My Spoon

Focus on PAR
(Physically Assistive Robots)

Focus on primary user

(older person)

Care-o-bot-3

¢
&

PARO

g
/T>

0

VictoryaHome VGo

Shalc |

|
s
Robear

Focus on secondary user

(informal care person, professional carer)

Focus on SAR
(Socially Assistive Robots)
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Summary VC&t

Robots have big potential in support for

humans

but

in industrial environment (production) robots are
meanwhile widespread in use

,Service robotics” is seen as important future
application segment

There is lots of research and prototypes

Still there are only few systems suitable for
interaction with humans

Complex tasks are still difficult for robots

Costs often are (still) not within marketable range
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Robots as Assistive System VCRHC
Benefits of Movement

What are Assistive Robots already capable of?
¢ (Tele-)communication / information v

* Tele - medicine /therapy v

* Reminders v

* Detection of emergencies (falls) v/

* Manipulation/transport?

What does a robot transform into a ,,system“?
* Autonomous action e.g. patrolling

* Adaptation to changing environment

* Networking with other systems

* Detection of emergencies and context
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Typical building blocks ve

Mobility: Mobile platform or legs

GUI: Touchscreen or beamer (projecting to wall/floo

Emotions: Head or face

Handling: Tray for carrying objects

Manipulation: Gripper, arm

Sensors: localization, navigation, collision
detection

SpEECh: ASR (Automatic Speech Recognition), Distress
Sounds and TTS (Text To Speech)

Vision: Face and gesture recognition

Remote Control/Call
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Robots, functions of HCI

* HCl output
* Display
* Speech output
* Gestures, movements
* HClinput
* Touchscreen
* Speech recognition, calling
* Gestures
* Extra call button
* Sensors (Awareness)
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Most important sensors VCRHCT

Odometry
wheel path from rotations — slip!

.
Distance t &
IR, US

Small angle, short range
Laser scanner (most 2D), LIDAR
Wide angle (270 Grad) and range, were
expensive, big, now smaller in cars
Radar (from automobile area)
becomes affordable





image54.png
Most important sensors VegHCT §

3D
TOF Camera (time of Fiight)
time until reflection
Kinect 1
Pattern :
(Structured light) f
Small angle (50 Grad), Minimum distance
(> 0,5m), illumination dependent (sun)
Future: vision based like autonomous cars

Collision bumper — last resort, emergency stop
Safe reaction? Move away in which direction?




image55.png
Navigating, localising VCRHCT

e SLAM (Simultaneous Localization And
Mapping) particle filter and probability
distribution for location

* Map of environment
with fixed obstacles

* Special targets
(charging station)

* Lost Robot Problem
(Start position)

* Solved by “look around”, often turning on
spot
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Navigation, localising WIS |

*  Why a mapis needed?
*  Orientation — where am |, relative and absolute
*  Path planning — to goal
¢ Why2D?
*  Simple projection to floor, like Laser scanner
¢ Computing power, memory
*  Avoid problem spots in all heights (tables)
*  Problem spots?
* Doors *) /passages/bottlenecks/narrows
* Tables (roll-under furniture)
*  Dynamic obstacles (chair, door, user)

Note: *) it is often expected that doors will always remain open
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Assistive Systems VC&HC

Assistive Systems consist of
* technical devices (,networked devices”),
* spread over some area (,,system space”) and
* together as network they form the system,
* which supports the user in meaningful way

Different common terms:
* Smart Environments
¢ Assistive Systems
*  Ambient Intelligence (Aml)-Systems
*  Ambient Assisted Living (AAL)-Systems
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Robot OS requirements v

* Asindependent as possible from
underlying OS resp. available for most

* Including drivers from OS or own

¢ Central communication structures
(secured)

* Logging

* Visualisation
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Acceptance models and factors VC&HC

Common acceptance models: UTAUT [Venkatesh2003],

TAM - TAM3 [Venkatesh2008], special for Assistive Robotics -

Almere model [Heerink2010].

¢ Functionality (Usefulness and perceived usefulness) —
whether or not the robotic device solves a user’s need(s).

¢ Usability (Ease of use) — the degree to which one believes
that using the system would be free of effort.

¢ Robotic behaviour and appearance — The robotic
behaviour including interaction with humans (HRI) and the
robots appearance and general design.

¢ Safety — operational safety as defined in 1SO13482:2014
(safety requirements of personal care robots).

¢ Costs and financing — The cost-efficiency and affordability by
the target group.
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Acceptance factors continued vegHe

¢ Ethical aspects — Including friendship and possible relations
with robots, becoming dependent on technology and
stigmatization

¢ Legal aspects — Legal and regulatory aspects solving e.g. who
is liable in case the robot causes harm

¢ Social aspects — Social influence of people who are important
to the users and their opinions regarding the use of AAL
robots.

¢ Privacy — Data protection and security.

¢ Psychological aspects —such as the users’ attitude towards
technology, anxiety towards robotic solutions and initial
effects of excitement.
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HCl vs. HRI VC&HCT

Main differences HRI and HCI?

Most important differences are:
* Two autonomous actors in “shared space”
* Mobility of HCI
* Distance and proximity
* Robot personality — “uncanny valley” if too
“human-like”

* Power supply/charging (robot autonomy)
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Position of touchscreen VC&HCT

A touchscreen has to fit in height and tilt:

* Suitable for sitting and standing interaction

* Range of (preferred) arm and distance of
feet must be appropriate

* Provide place to rest hands on

* No protruding parts

* Antireflection coating

* Size of elements appropriate for free-
handed use
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Safety W

Risk factors with assistive robots:
* Material, emissions, electrics

* Collisions

— Mass

— Velocity

— Manipulator!
* Tilting

— Stability (even if caused by user)
— Avoid , grips/handles” and corners
* Blockage
— Empty battery, pushing out of the way should
be possible
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The evaluation

Evaluation goals

* Functionality — lab tests (+safety!)
* Usability,

* Social acceptance,

* User experience,

¢ and societal/economic effects

How to test HRI continuously without
* Full function in early phases

* Needing to simulate full complexity
* Longterm testing
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Heuristic Evaluation VCBHCT |p

=> heuristic evaluation similar to Usability Heuristics
by Nielsen:
1. Sufficient information design
just enough information
2. Visibility of system status
keep users informed
3. Appropriate information presentation recognition
over recall
4. Use natural cues
concepts familiar to user
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Heuristic Evaluation ctd. veacr

5. Synthesis of system and interface
the interface is an extension of the system,
the user and by proxy, the world.

6. Help users recognize, diagnose, and recover
from errors

7. Flexibility of interaction architecture
the interface should support the evolution
of system capabilities,

8. Aesthetic and minimalist design
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-> Special Considerations: Users VC&HCT

* Assistive Robot users are not the typical
“consumers” buying a robot themselves

* The users are unfamiliar with touch screens
and miss the haptic feedback

* The users are not aware of e.g. ASR limitations
and do not “comply” with Ul rules

* The users are tiring quicker and forgetful

* The users are more vulnerable in general

* The users might have impairments (hearing,
vision, dexterity...)
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AAL has a broad definition VC&HCT

Ambient Assisted Living

- stands for Technologies and Services for independent
living (primarily in old age)

- is a current field of research and application on the
boundary between technology and demographic
change

- is used as very heterogeneous term and is hard to
confine and delimit from similar terms
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-> Special Considerations: Other veacr |

* Interaction is from (some) distance while
standing, not at desktop, in hands

* Robot is not always there, in same place, might
leave for a task

* Social distance must be observed by robot
because the robot itself is moving

* Privacy and ethics

* Liability, safety standards

* Strictly non-medical, otherwise medical
product standards apply
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Challenges in design veaH

* Small but mechanically stable (e.g. also for
physical stand-up and walking support)

* Not too tall but space for the Ul

* Costs vs. functionality

* Foreseeable behaviour but not boring

* Goal-oriented but not annoying

* User always must feel to be in control (of the
whole system)

* Consistent behaviour but with fun
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Metrics for evaluation VC&HC

* Functionality — lab tests (+safety!)
* Usability,

* Social acceptance,

* User experience,

* Societal/economic effects,

* Affordability, cost effectiveness — business
plan
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Conclusions VC&HCT

* AR and HRI have a lot in common with
classical HCI

* Additional dimensions are added e.g. by
mobility, varying distances, personality

* A user centred iterative design process
promises good results

* Heuristic and demonstration based methods
are important because of complexity

* Ambitious goal: evaluation at home of users
(real test environment)
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Conclusions (cont) VCRHC

* Capabilities that transform a robot into a
,System”:

* Autonomous action (e.g. regular patrolling
through the rooms of an apartment)

* Adaptation to changing environment (e.g.
position of chairs, user, ....)

* Networking with other systems (e.g. sensors in
the environment)

* Detection of emergencies (e.g. falls) and of
context (e.g. tasks / idle state of user)
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»2Ambient Intelligence” VCRHCT

Ambient Intelligence (Aml) (,,Environmental
intelligence”) Paradigm: (simple) interaction
between users and environments of networked
IT-Systems

Starting point: Miniaturisation, pervasive
technology, networks, , Internet of things” (IoT)
Subarea of AAL: application of Aml-
environments for an autonomous and active
way of living
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Aml: Typical application areas veaHr |

Aml g0a I S. Transportation

Intelligent Station

Automatic recognition
of user intentions
Automatic adaption
and reaction to user @

¥,
=

Home
Intelligent Living-room

7

Commerce
Intelligent Exhibition

Work sty Leisure
Intelligent Office . Intelligent Playground

Education
Intelligent Classroom

Source:
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Base technologies: sensors, automation e
Purpose and examples

Sensors are used for:

* Increasing comfort (Smart Home, building
automation)

* Saving energy

¢ Detecting emergencies
» Fall detection
» (In-)activity analysis

* Determining presence and position of user

* Providing background knowledge (context) to
functions

» What is the user doing in this moment resp. what has
he/she already done
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(

Building automation, ,,Smart Home'

* Building automation is the
(classic) electronic control of
buildings (lights, heating,
shading) by central systems

* ,Smart Home“ denotes the
networking of building
automation with further
systems in the house
(household appliances,
consumer electronics, ...)
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Classic building automatior

* Typical components:
switching actuators,
movement detectors, Reed
contacts, motors, ...

* Typical control elements:
Programmable switches, s
Touch displays, Remote
controls

* Typical technologies: Home
bus systems (EIB / KNX)
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AAL is

Not one specific technology (or service)
Not one delimited product area
Not a technical-scientific discipline on its own

But more
a concept, a vision, a paradigm
an inter-disciplinary umbrella / meta concept

V(
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Smart Home - Status VC&HCT

Up to now mainly as individual installations in
luxury segment (< 1%) or in research projects

Missing standardisation — ,,isolated application”
Integration made difficult by largely different
product lifecycles

Trends: price decline, increasing choice of
products for retrofitting, energy saving as
driving force, wireless
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Smart Home:
Applications in the AAL environment

VC&H

Support/orientation (e.g. automatic lighting)
Automatic building control for disabled
persons

Usage of building sensors and Smart-
Metering for monitoring and detection of
emergencies

Usage of building sensors as context
information (e.g. localisation of user)

In open environment nowadays with
Narrowband |oT/LTE increasingly but not
everywhere available
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From Smart Home
to Assistive System

VC&HCT‘

* Smart Home allows users to interact actively with
their living environment and to control it (also from
afar). Smart Home optimises and monitors the living
environment.

* An Assistive System additionally monitors the
activities and the wellbeing of (single) users, without
need for the person to actively do something.

* 1oT (Internet of Things) is the network of physical
devices, vehicles, home appliances, sensors,
actuators, ... to connect, collect and exchange data.
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Current situation veancr -

* Many protocols, a wide range of available
sensors, devices, related applications/
commercial systems => theoretically good
starting point

* But: Manufacturers follow own ,,standards”
instead of complex public standards. Vendors are
small companies or come from related business
areas. Concepts for maintenance are rare.

* Little to no overview, consulting, financing

* Recently, attempt to establish security and
update standards.
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Satety technology:
Classic sensors

Movement detector on infrared (IR)
basis (PIR = Passive Infra Red): needs

change (movement of person)

Reed-magnet contact:
Detects opening of doors and
drawers, (or toilet flush)

Switch/Measurement adapter:
Measures current, switches load
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Special sensors

Presence detectors on IR basis

Do not need movement for triggering
(different to PIRs)

Deliver a coarse IR pixel image
(temperature)

Detect presence of non-moving persons
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Special sensors vesHer,

Bed sensors recognize if a person is in bed:

AirSkin sensor: air(pressure) _ —

Emfit (under
mattress) sensor

Bed foot sensor (weight)
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Safety technology: veal
Special sensors

* Current in cable without adapter (to plug in)
and without cutting cable (works by stray
field)

* Water flow in pipe without measurement
device to plug in between (by detection of
temperature change, noise, vibration...)

* Temperature monitoring for stove (on IR
basis)
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Safety technology vesaer |
Detection of hazards

Smoke detector

Stove switch-off

Water leakage alarm

Devices with automatic switch-off (flatiron, etc.)

= I
—— » ..‘q:/

Water leakage
alarm

Smoke Stove Gas detector
detector monitoring
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dpecial sensors VCaHCT
Body worn wristband

Fitness tracker or Smartwatch
(mostly via cloud) 3

Record movement, sleep phases, pulse

Bluetooth Low Energy (LE) interface to
Smartphone and further on to cloud

Often proprietary encrypted data, only available
in processed form via server from internet
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Definition: , Assistive Aid/Device” veaHe

Term from social insurance system, a thing used for
medical support listed in an index of admitted
= paid-for aids (German: ,Hilfsmittelverzeichnis®)

AAL systems can be or become admitted assistive
devices (nowadays rare cases)

,,Classic” aids ( especially purely mechanical solutions)
- do not qualify as AAL solution
- but can be of high value for users!!
Most admitted/paid for aids nowadays are medical
products prescribed by doctors
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Sensors for fall detection VC&H

Users often not able to call help on their own after
fall, or do not want to “annoy” or forget to use.
Body worn

- Movement, vibration ° J
Hip or wrist J /C-)j

On the floor

- Vibration, flooring

In the room

- 3D camera ?

Indirectly

- Inactivity (of user)
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Classic Senior alarms VC&HCT

Water detector /
Smoke detector

Wireless button

Fall sensor

Central (PSTN)
alarm unit
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Classic and future alarm systems vear

Problems today

* Low acceptance (pendant, sensors on body)
* High number of false alarms

* High rate of non users (obliviscence)

* Low diffusion (in Germany, Austria, ...)

Solution attempts

* Ambient sensors instead of body worn

* Passive alarms (inactivity, no action of user
needed)

* Flexible use (not only for emergencies)
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House alarm: Example ,,MyStella“

MySteI la (Vitakt, Austria)
Innovative “all IP” solution
Offered options:

* motor lock

» fall sensor

* Activity sensor

* smoke detector

e Attack button

e emergency button il

* emergency bracelet

e pull switch

https://www.my-stella.com/
https://www.vitakt.at/

YouTube Channel:
https://www.youtube.com/c/myStella
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Activities of daily living (ADL) veaHcT

The term Activities of Daily Living (ADL) is used in healthcare

sector to refer to older persons’ daily self care activities.
3 classes of ADL are important for Assistive Systems:

(basic) ADL = Activities of Daily Living. They include the ability to toilet, bathe,
dress, eat, groom, and ambulate (walk, climb stairs, transfer bed/chair).

iADL = Instrumental ADL include the ability to successfully use the telephone,
shop, prepare food, do the housekeeping and laundry, manage medications
and finances, and drive our use public transportation

eADL = Enhanced ADL include participation in social and enriching activities,
such as Jearning new skills and engaging in hobbies

Understanding user capabilities is key knowledge for developing
successful systems. ADL, iADL and eADL can therefore be very
valuable.




image92.png
Sensors, aspects

* Power supply
* Mains, battery
* Energy Harvesting
* Networking
* Cable
* RF (Radio Frequency) wireless
* Mounting
* Size
* Conspicuousness
* Obstructiveness e.g. at cleaning
* Removability (mounting holes)
* Stability and long term reability
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Sensors, types

* Fall

* Vibration, distress sounds
* Position

* Movement

* Presence
¢ Activity

* Movement

* Opening doors

* Usage of (electric) devices
* Environmental conditions

* Light, temperature
* Presence (virtual sensor, working indirectly)
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Sensors, purpose VCEHCT

* Presence (mostly indirectly)
¢ Activity — context, e.g. to give instructions
* Position — contacting user
* Environmental conditions — emergencies
* Activity - and inactivity patterns
* Comparison with typical patterns
* Emergency detection
* Daily patterns e.g. light at evenings, visiting WC,
stays in bed
* Statistical adaption to “normal” frequency of
certain events
But: collect only necessary data
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Sensors, experience VC&HS

Technology not always is popular and accepted,
the users are no typical consumers, which
themselves choose the systems.

Sensors and modules should be as invisible as
possible. Many older people find technology as
not fitting to furniture and intrusive, even when it
is not at all in their way. Blinking lights or noises
are found to be extremely disturbing and there are
frequently doubts regarding radiation (possible
sleeping disorders) and power consumption
(always on).

But: users have a right to know about sensors
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Sensors, perils vesHer

* Additional cabling can increase tripping hazard ->
carefulness with installation

* Wireless data transmission can be captured by
unauthorised persons -> encryption

* Collected data can be stolen by unauthorised
persons -> authenticated access, protocols, data
economy and preferably no transmission over
Internet, if at all only encrypted and secured

* Deceptive safety -> sensors should never be seen as
sole guarantor of safety




