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Abstract

The objective of this deliverable is to provide the technical
specification of Prototype 2 (PT2) of the HOBBIT robot. The goals are
to provide a full description of elderly needs attended and tested by
the PT2 system, to describe the complete design of PT2 and its full
set of abilities and functionalities with details, e.g., about navigation,
objects, types of environmental conditions, and variety of tasks,
interactions and dialogues with the user. It also includes the
presentation of the features of PT2 that realize the Mutual Care
concept of the platform.

The above content is in accordance to reviewer recommendations 1
and 4 as those were identified in the review report of the 2™ review of
the project.
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LAN
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PIR
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PT1/2
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RGB-D
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SU
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Ambient Assisted Living
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Graphical User Interface
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Secondary User
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Voice over IP, internet telephony

Wireless Local Area Network
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1 Objectives of PT2 Trials

The HOBBIT project envisions a robotic product which enables older people to feel safe and
stay longer in their homes by using new technology including smart environments (ambient
assisted living - AAL). The main goal of the robot is to provide a "feeling of safety and being
supported” while maintaining or increasing the user's feeling of self-efficacy (one's own ability
to complete tasks). Consequently, the functionalities focus on emergency detection (mobile
vision and AAL), handling emergencies (calming dialogues, communication with relatives,
etc.) as well as fall prevention measures (keeping floors clutter-free, transporting small items,
searching and bringing objects, and reminders). Moreover, high usability, user acceptance as
well as reasonable level of affordability are required to achieve a sustainable success of the

robot.

In order to achieve the goal of high user acceptance, the core element of the HOBBIT project
is the concept of Mutual Care. Mutual Care is an interaction design framework for assistive
robots to facilitate relationships with their users. Its main idea is the mutual understanding of
each other's needs. Thereby, the robot learns the habits and preferences of the user to adapt
its communication and behaviour. At the same time, the user adapts to the robot's intellectual
and physical capabilities. In Mutual Care, the focus is on the conjoint adaptation and on
strategies that follow the dynamics of real social relationships. Similar to a puppy, the Mutual
Care robot and its owner adapt to each other when starting a new life together.

A first version (PT1) of HOBBIT has been realized and evaluated in a first round of user
trials. Based on the received feedback, a new prototype PT2 has been designed and is going
to be evaluated in another series of trials. For the PT2 trials a methodological plan is needed
to evaluate Human-Robot Interaction with HOBBIT in terms of usability, user acceptance,
and affordability. This evaluation plan needs to be understood as the overall methodological
concept for the PT2 trials; it describes the overall research questions, evaluation objective,

applied methods, and the timeline for conduction.
Overall the main evaluation goal is to explore the following main question:

Do older adults experience HOBBIT and its Mutual Care aspects as a suitable mean to

maintain independent living in their private household?

In order to make this overall guiding research question operational and measurable in

empirical research, some more specific questions need to be formulated focussing on our

www.hobbit-project.eu/ 7/98
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three main evaluation concepts: usability, user acceptance, and affordability. Section 2 gives

this plan for evaluation of PT2.

The document then proceeds to the specifications of how the Human-Robot Interaction (HRI)
will be modelled for PT2. We first transfer the user requirements from D1.4 (Table 6.1) into
concrete scenario on how the user will interact with the robot (Section 3.1 and details in

Section 7.1, Appendix).

The most important component of the HRI design for the HOBBIT project is how the
scenarios are implemented following the Mutual Care Paradigm. As already outlined in
Section 2, the HOBBIT project intends to study how the Mutual Care approach influences the
critical evaluation criteria of usability, acceptability, and affordability. Hence, the largest part
of Section 3 will describe how the Mutual Care Concept is integrated in the interaction
scenarios (Section 3.2 and its subsections). This section implements recommendation 4 of

the review report.

Section 4 then describes the design of PT2 and gives its full set of abilities/functionalities in
form of specifications (following Recommendation 1 of the review report). We first specify the
PT2 robot hardware and then give specifications of the functionalities provided to the user,
e.g., the user interface, human detection and tracking, navigation, object detection and
grasping, and the AAL component used. Section 5 reviews the failure cases given in the
FMEA tables from D1.3 and updates the actions recommended for the cases not considered

in the scenario description.

After driving the main conclusion (Section 6), the Appendix lists the details of the scenario
descriptions (Section 7.1) and gives details of the technical specifications of the PT2 platform
(Section 7.2).

1.1 Revision of D1.6

Review Comment References

report

Recommen- Have a critical approach to the data | We reconsidered specifications
dation R2 collected in the PT1 trials. throughout the document, e.g., in

[..] some users consider themselves as | planning the trials (Section 2,

too healthy and active to need such a | changes highlighted in yellow).

device. A direct response to the second

item is given in Section 2

www.hobbit-project.eu/ 8/98
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(highlighted in yellow, p. 15).

Recommen-
dation R3

Develop a proper testing strategy for PT2
which is connected with the targeted
performance indicators. E.g. 1st week:
be able to call the robot, use it for
communication with exterior and to test
communication through voice and
gesture; 2nd week: ask the robot to look
for something, use it for leisure; 3rd
week: teach the robot new objects...
Avoid overloading the user with all
functionalities at the beginning. [..]

present the testing strategy.

The targeted performance is
summarized in Table 1 in Section
2.2 (highlighted in yellow, pp. 20)

To find indications of what
functionality users actually use, we
need to study the use of the robot
after the novelty effect reduces. To
avoid overload, users do not need
to remember all functionality, the
robot will pro-actively approach the
user with functions not used. For
details, see Section 2 (highlighted
in yellow, pp. 16).

The testing strategy is summarized
in Section 2 with a timeline in
Section 2.3. Full details will follow
at the review in September as

requested.

Recommen-
dation R4

Consider the possibility of logging all
activities during the trials to get a non-
feedback.
metrics and targets for the evaluation of
PT2.

biased Define  objective

All data is logged and we outline
what quality factors can be
measured from this data in Section
2.2.3 (highlighted in yellow, pp. 23)

Recommen-
dation R5

Engage persons from outside [..] to make
an independent the
HOBBIT service. [..] to be taken into

assessment of

account in the planning of PT2 trials and

to provide the questionnaires.

Section 2.2 describes how we
ensure that the PT2 trials provide
meaningful results and
independent assessment

(highlighted in yellow, p.20)

Details of planning PT2 trials are
given in Section 2 and all scenario
details are given in App. Section
7.1. The measurement method is
given in Section 2.2, a timeline of
methods in Section 2.3, and the

questionnaires are attached in

www.hobbit-project.eu/
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App. Section 7.3.

Recommen-
dation R6

Consider a certain degree of frailty in the
recruitment criteria so that the sample of
users is representative of the target
group and useful for the assessment for
the proof of concept, e.g. elderly who
suffered 1 or 2 falls in the past 12

months.

Taking the recommendation and
the response to the observation
into account, we have refined the

recruitment criteria in Section 2.4,

pp.29.

Recommen-
dation R8

Develop an integrated concept of

functionalities, e.g. on emergency
detection (which need to be done as
soon as possible), fitness functions,

reminders etc.
Clearly define the learning abilities and

e.g.
behaviours may be altered, which input is

learning characteristics, which

needed, learning  curve, learning
methodology (ANN etc.), limitations. Put
into account the relationship of learning
characteristics and acceptance by the

user.

Clearly define in a revised version of D
1.6 which functions mentioned in the
DoW will be implemented in PT2 (mark
green), which will be downgraded (mark
orange), which will be dropped (mark
red),

(marked blue).

and which will be in addition

The scenario descriptions give a
detailed concept of all the planned
functionalities (Appendix Section
7.1, pp.68).

In the Mutual Care Section we
define how the social role is
learned, the use of the interaction
to alter the parameters and
behavior. We assume that this
social role model will increase the
acceptance of HOBBIT (see full
Section 3.2, pp. 30, additions
highlighted in yellow).

A table with this information is

added below in Section 1.2.

1.2 Function in PT2

In response to recommendation R8 of the two-year review report, we list in the table below

the user requirements as implemented in PT2 (following from D1.4, Table 6.1) and compare

to what is given in the DoW..

www.hobbit-project.eu/
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Table: Functions mentioned in the DoW (pp. 7) which will be implemented in PT2 (mark

green), which will be downgraded (mark orange), which will be dropped (mark red), and

which will be in addition (marked blue). For each function we summarise the use of

resources. We also indicate where the functions are specified in D1.6 and the scenario table

in D1.6, Section 7.1, Appendix: Scenarios for PT2.

Function in DoW
implemented in
PT2

Details of implementation for
PT2

Use of resources

(responsible WP)

Specification in
D1.6 or link to

scenario in App.

Section 7.1
Chat & Alert WP 2
Fixed touch screen, suitable for | Planned resources used to | Section 4.1
sitting and standing, affordability | optimise platform options
considered, pivotability is not | and final solution
required with optimised robot
configuration
One emergency push button; | Planned resources used to | Integrated touch
other buttons implemented on | implement functionality on | screen

:

touch screen, easier to use as | touchscreen functionality,
confirmed in PT1, cheaper, Section 4.1
more flexible, buttons stick out

and might be pressed

accidentially

with text to speech and ASR for | Additional resources to | Section 4.2

a set of basic commands and

answers

respond to review requests

Pointing gestures and five

additional gestures

As planned

Section 4.2, 4.3

Multiple fixed call buttons; worn

Resources used for arm

Scenario table of

buttons possibly by concept but | (see below) D1.6, Scenario |

finding that users do not accept

worn buttons is confirmed by

care professional

Appointments, medication and | As planned Scenario table of

drinking; can be set by user D1.6, Scenario

VI

www.hobbit-project.eu/ 11/98
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Hobbit

Telephone, weather, news, TV | As planned Section 4.2.3
table
Games for the user As planned Section 4.2.3

Fitness exercises for the user

Resources from WP5 and

Scenario table of

Guide & Follow

DoW and user home status

check

exploiting additional PM at | D1.6, Scenario
FORTH X1V
Reading ebooks, music, videos Exploiting  synergies at | Section 4.2.3
TUW
WP 5
Implemented with  Transport | As planned Scenario table of
object function (Go to) D1.6, Scenario IX
Implemented with  Transport | As planned Scenario table of
objects function (Follow me) D1.6, Scenario IX
Including patrolling not given in | As planned Scenario table of

D1.6, Scenario |

Robot raises awareness in user

for fall prevention

Resources from WP1 and
WP2 functions

Scenario table of
D1.6, Scenario lll

Whenever not used or when

below defined battery level

As planned

Scenario table of
D1.6, Scenario XII

Support & Walk

WP 7

Options studied and presented

at review and annual report

Part of resources used for
study; part used for “Rise
from floor”; remainder for
PT1 integration (TUW), for
platform
OB to MLAB);
additional
(HELLA)

integration (from
and for

exploitation

Not in D1.6, see

annual reports

Options studied and presented

at review and annual report ;

ULUND

using resources from WP2;

Partially  used;

Scenario table of
D1.6, Scenario X

www.hobbit-project.eu/
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Hobbit

Security does not allow to test in
homes, user study conducted at
ULUND

Remainder used for
additional work requested
for WP2 and exploitation

plan

New, not in DoW: added user

Using resources not spent

Scenario table of

expensive to realise than arm

and would enlarge platform

realise  flexible usage;
resources used from Smart

objects (see above)

requirement from user studies | on Walker D1.6, Scenario IX
(D1.2); concept developed by
TUW and study conducted at
AAF; due to security risks not in
PT2; presented at reviews and
in annual report

Fetch & Carry WP 6

Tray Implemented in Transport | As planned Section 4.1;
object; Objects cannot be Scenario table of
moved from tray D1.6, Scenario XI
Original concept more | More effort than planned to | Sections 4.4, 4.7

Pointing at floor;
Additional

grasping from floor: Clear floor

object on

function: preventive

and search for object

Dropped function:

gripper

magnet in

More effort than planned to

realise  flexible  usage;
resources used from Smart

objects (see above)

Sections 4.4, 4.7,

Scenario table of
D1.6, Scenario IV

Augmenting the grasp from floor
functionality to not only use
gestures but to keep searching

for objects on the floor

Resources from WP6 and

synergies with other

projects at TUW

Sections 4.4, 4.7;

Scenario table of
D1.6, Scenario V

Augmenting the grasp function

Resources from WP6 and

Sections 4.4, 4.7;

to also search for objects on | synergies with other | geenario table of
tables projects at TUW D1.6, Scenario VI
Dropping objects, moving game | Resources used for

token and knocking at door not
required by users; functionally is

feasible with robot

integration of PT1 due to
drop-out of OB

www.hobbit-project.eu/
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Hobbit

Integrated in front of robot

Resources from user study

Section 4.1,

emergency buttons

and design Scenario table of
D1.6, Scenario VII
WP 4
Call  buttons, light switch, | As planned Scenario table of

D1.6, Scenarios |,
1, Xl

RFID not in objects, focused

Resources used for arm

Ask & Learn

the user

=

work on grasping, object | (see above) and additional
learning and search for objects reporting

WP 3
Mutual Care developed the | As planned Section 3.2;
concept of adapting the social available to all
role scenarios
Using a turntable and instructing | As planned Scenario table of

D1.6, Scenario VI

www.hobbit-project.eu/
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2 Evaluation Plan for PT2

In order to achieve our evaluation goal of identifying if older adults experience HOBBIT as a
suitable means to maintain independent living, an evaluation plan is needed that defines the
evaluation concepts as well as the methods needed to address them. Evaluating Human-
Robot Interaction scenarios often just means to evaluate one single experience, e.g. how is
the appearance of the robot experienced by the users, are they scared or delighted, which
can be done in controlled laboratory studies. However, our PT2 trials are way more

challenging due to the following three aspects:
1.) Exploring HRI with older adults

It was shown in Human-Computer Interaction research that older people tend to praise the
developers rather than giving an objective view on things, thereby being very positive about
prototypes they are presented and tending to blame themselves rather than the interaction
modalities if not being able to cope with the system (Eisma, 2004)*. Age related factors can
also make self-reporting inaccurate (for example, in questionnaires), with recent research
showing that there are age differences in the ways in which people respond in self-reports
(Marquie, 2002)°. A good example for these effects was reported by us in D1.4, p32. In the
final interviews of the PT1 trials some users considered themselves as too healthy and active
to need a Hobbit at home. We consider this partly as an answer effect, as it would be
stigmatizing for an older adult to admit that they need a Hobbit to independently live at home.
Moreover, clearly the prototype level will have impacted this reply as it might be hard for an
older adult to imagine the full capacity of Hobbit at PT2 stage. Subsequently, we use a multi-
factor/method mix for the PT2 evaluation combining self-reporting data with logging data to

gather more objective data about the usage of Hobbit.
2.) Exploring HRI “in the wild”

So-called evaluations “in the wild” are studies, where researchers are decamping from their
labs and moving into the wild; carrying out in-situ studies and probing people in their homes.
A central part of designing in the wild is evaluating prototypes as they are really used and

integrated within people’s lifes. This involves observing and recording what people do and

! Eisma, R., Dickinson, A., Goodman, J., Syme, A., Tiwari, L., Newell, A.: Early user involvement in the development of
Information Technology-related products for older people. Universal Access in the Information Society 3(2), 131-140 (2004)

www.hobbit-project.eu/ 15/98
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how this changes over suitable periods of time. Whereas the burning question in HRI studies
used to be “how many participants do | need?” the hotly debated question now is “how long
should my study run for?” Some say a few weeks, others argue for months while some even
suggest years are needed to show sustainable and long-term effects. However, the most
crucial question is: How can we measure what we really need to know without having a

researcher present.
3.) Exploring various quality factors over time

It is well-known that the first impressions of robots are most often positive (so called
encounters at the zero acquaintance level) and to study these impressions is valuable for
human-robot interaction scenarios, where the application context requires brief non-repeated
interaction (e.g. a museum guide robot). However, this is definitely not the case for the
HOBBIT project. Preferences and attitudes of users are likely to change over time and
novelty effects will wear out. Carrying out long-term interaction studies, which take into
account several quality factors is labour-, time- and equipment-intensive, but required to
understand how a robotic product may become a social product (see e.g. Forlizzi et al.
2004).

Several long-term studies in HRI chose the approach to study only specific functionalities at
specific phases of the study, e.g. first week function A, second week function B etc. This
approach should guarantee that the participants do not experience a cognitive overload right
away in the beginning of a long-term study. However, we intentionally decided against such
an approach, as it is our overall goal to assess the holistic experience of HOBBIT as a
product. As soon as HOBBIT will become a real product it will also offer all its functionalities
at once and there will only be an initialisation phase in which the user gets acquainted with
the robot. Therefore we need the PT2 trials as an ecological valid reference to identify:
Which functionalities are actually used by the participants over a longer period of time and
how does the interaction change after the novelty effect is over? A reasonable benchmarking
can, to our conviction, only be achieved, if the robot offers the same interaction spectrum
over three weeks. The quantitative benchmarking can be found Table 1 (Section 2.2, pp19)
and will be extended with qualitative insights (interviews and cultural probing, see Sections ).
Additionally the MuC approach of the robot proactively offering functionalities that were not

used recently will help us to ensure that the participants get reminded of some functionalities.

2 Marquie, J.C., Jourdan-Boddaert, L., Huet, N.: Do Older Adults Underestimate their Actual Computer Knowledge?
Behaviour and Information Technology 21(4), 28-273 (2002)
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A detailed manual as well as technical support will be provided to the participants in PT2
trials to empower the participants to solve upcoming problems with the operation of the robot.

In order to address these challenges an operationalization of the quality factors (by means of
several indicators) is needed combined with a method triangulation. This enables a
systematic assessment of the quality of the human-robot interaction scenarios in an
uncontrolled environment with no observing researcher present. In the following Section

each of the quality factors and its according indicators are presented.

2.1 Quality Factors

Usability is defined as the overall ease of use; meaning how easily the user can interact with
the robot. For the HOBBIT project the evaluation of the following usability indicators is
relevant: Ease of learning, flexibility, and utility. The following research questions shall be

investigated during the PT2 trials:

Ease of Learning

Is HOBBIT intuitive to interact with for the older adults? (Usabl)

Flexibility

Does HOBBIT provide the relevant input modalities that enable | (Usab2)

the user to command it effectively?

Utility

Does the robot offer the right functionalities, therefore older | (Usab3)

adults feel supported to maintain independent living at home?

User acceptance is in general defined as “the demonstrable willingness within a user group
to employ technology for the task it is designed to support”. In order to investigate this multi-
layered aspect of HOBBIT a variety of different indicators need to be assessed, namely:
Attitude towards robots, perceived safety, self-efficacy, emotional attachment, perceived
reciprocity, and ethics. The following research questions should be answered in the PT2

trials:

Attitude towards robots
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Does the general attitude towards robots change over time due | (Accl)
to the interaction with HOBBIT?

Perceived Safety

Does the perceived safety change over time due to having | (Acc2)
HOBBIT in the household?

Self-efficacy

Is the self-efficacy maintained on the same level due to having | (Acc3)
HOBBIT in the household?

Emotional Attachment

Do the users develop an emotional bonding towards the | (Acc4)
HOBBIT robot over time?

(Perceived) reciprocity

Do the users perceive the interaction with HOBBIT as a give- | (Acch)

and-take relationship?

Affordability is considered as a measure of a population's ability to afford to purchase a

particular item. In the HOBBIT project we have to consider two indicators: Producer

affordability and the customer-perceived value. The following questions should be answered

in the PT2 trials in terms of affordability:

Producer Affordability

Can the specified costs of production be achieved by the

manufacturer?

(AfFL)

Costumer perceived value

Do the users perceive the robot as worth buying and/or renting

with the PT2 configuration?

(Aff2)

www.hobbit-project.eu/
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2.2 Method Triangulation

The design of qualitative evaluation studies for HRI in the wild, which produce reliable and
reproducible results, is one of the biggest challenges in the research field, as the integration
of robots into daily life creates a change of user context which is affected on a variety of
interdependent layers. For the user-centred evaluation of robots in the wild more and more
validated methods are available from various disciplines, but still there is a lack of
combination and holistic interpretation of results. In general it is most important that the
selected methods are adapted to the evaluation context (domestic is not the same as care
facility or work context) and to the system capabilities. For the PT2 trials we decided on a
combination of qualitative measures combined with quantitative measures (attitudinal as well
as behavioural). Not only multiple methods are chosen, but at the same time the data will be
collected from multiple sources (a so called “multi-informant approach”): Data of the Primary
User will be collected as well as data logged by the robot. Similarly, the secondary user will
be interviewed. Using two (or more) methods and views, a method triangulation, is often
used in a social science studies in order to check the results. We propose this approach to
raise the objectivity of results.

We considered also involving an external visitor to increase objectivity, however this would
not only increase costs, but it is a cause for concern from the point of view of research ethics
and the project partners' long-standing experiences in involving potentially frail users in their
research projects. However, we will ask SUs at the end of each user trial to fill in a
questionnaire to assess the usability of the service HOBBIT provides. We believe that
relatives have their older family member’s best interest at heart and will give an independent
assessment of the HOBBIT service. Past research shows that family and relatives have a
huge impact on which innovations people tend to adopt®. We proposed that the questionnaire

will be based on a revised version of the system usability scale (see Appendix 7.3).

Table 1 presents the proposed method mix (the methods will be explained in more detail in

the subsequent sections).

% MacKenzie, D. and J. Wajcman, The social shaping of technology1999, Buckingham and

Philadelphia: Open University Press.
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Table 1: Mix of method (triangulation) proposed to measure the quality factors in HOBBIT:

usability, acceptance and affordability.

Methods

Quality
Factor

Indicator

Target Performance
Benchmark

Question-

naires

Cultural

Probing

Logging
Data

Inter-

views

Usability

Ease of

Learning

80% of all participants
become faster in the
interaction with HOBBIT

Flexibility

80% of all participants find a
demonstrable preferred input
modality depending on the

command

Utility

50% of all participants used
every functionality of Hobbit at

least once in 3 weeks

80% of all participants used at
least 50% of the
functionalities of Hobbit at
least once in 3 weeks

User

Acceptance

Attitude
towards
robots

In the post-phase the rating of
all NARS scales will be better
than in the pre-phase.for 80%

of all participants

Perceived

Safety

80% of all participants rate all
items of the perceived safety
scale lower than average
(scale value 3) in the third

week.

80% of all participants show
better ratings in the Fall
Efficacy scale in the post-

phase compared to the pre-
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phase
Self-efficacy | 80% of all participants show
better ratings in the Self-
efficacy Scale in the third
week compared to the pre-
phase. X X
Emotional The social role parameter is
Attachment | set level three or higher for
80% of the participants at the
end of the third week. X X
(Perceived) | More than 50% of return of
Reciprocity | the favour requests of
HOBBIT were accepted by
80% over the period of three
weeks.
95% of all participants rate the
interaction with HOBBIT as
team-feeling at the end of
trials. X X
Afforda- Producer
bility affordability No empirical approach needed; cost analysis
Customer 80% of the SU could imagine
perceived renting or buying a HOBBIT
value for their relatives. X

In the following, the general application of the proposed methods is described, considering

the advantages and disadvantages of each method, which can be overcome by the

triangulation.

2.2.1 Questionnaires

Questionnaires will be used as self-reporting research instruments with a series of questions

or items which have to be answered or rated by the participants on their own during the time

the robot is at their homes. We will use standardized and validated questionnaires, such as
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the NARS (Negative Attitude towards Robots; Nomura et al., 2006)*, the Self-Efficacy Scale
(Schwarzer & Jerusalem, 1995)°, the Falls Efficacy Scale and self-generated items especially
focussed on the HOBBIT project (based on the experiences of PT1 trials) on perceived
reciprocity, perceived safety and emotional attachment (see Appendix Section 7.3).
Additionally, ethical questionnaire items are added based on Ethics of Care (Tronto, 1994)°
and an interpretation of the Autonomy principle which is commonly used in bioethical
systems (Beauchamp & Childress, 2008)’. For the questionnaire items in detail see Appendix
7.3.

Self-assessment methods, like questionnaires are the most commonly used for evaluation in
HRI studies, as they can easily provide valuable information how participants perceived the
interaction with a robotic system. However, the answers of the participants could be socially
desired and in our case the experimenter cannot immediately corroborate participants’
answers. Moreover, the current mood of the participant can also influence participants’
response behaviour. Therefore other more qualitative approaches, such as cultural probing
and interviews will be used together with log data to gain a more holistic picture of the

participant’s experience.

2.2.2 Cultural Probing

Cultural probing is a method developed in the tradition of artists and designers rather than
being based on the more typical engineering approaches. Developed by Gaver (et al., 1999)®
the cultural probes approach plays an important role in the initial phase of a user-centered
design process. Cultural probes are purposefully designed to inspire, reveal and capture the

forces that shape an individual and his/her life, at home, at work or on the move (Hemming,

* Nomura, T. Suzuki, T. Kanda, T and Kato, K. Measurement of Negative Attitudes toward Robots.
Interaction Studies, 7(3):437-454, 2006.

® Schwarzer, R., & Jerusalem, M. (1995). Generalized Self-Efficacy scale. In J. Weinman, S. Wright, &
M. Johnston, Measures in health psychology: A user’s portfolio. Causal and control beliefs (pp. 35-37).
Windsor, UK: NFER-NELSON.

® Tronto, J. (1994). Moral Boundaries: A Political Argument for an Ethic of Care. New York, NY:
Routledge.

! Beauchamp, T. L., Childress, J. F. (2008). Principles of Biomedical Ethics, 6th Edition. Oxford:
Oxford University Press (p. 417).

® Gaver, B., Dunne, T., Pacenti, E.: Design: Cultural Probes. Interactions 6(1), 21-29 (1999).
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2002)°. It is a method for understanding the participant’s behaviour and experiences in situ.
Cultural probing differs from traditional field and ethnographic methods, like observation and
interview, as the researcher is remote from the participants. The participant is the observer
him/herself. Clearly this method has the disadvantage that it hardly generates quantifiable
results, but it is well-known to give valuable insights in product design and improvement. We
will follow the creative card approach of Bernhaupt et al. (2008)'° and offer participants pre-
structured probing material packages. Secondary users will be interviewed to obtain more
accurate interpretations of the PU responses with respect to personal differences and

preferences.

2.2.3 Logging Data

As stated by Lohse et al. (2009)*, in order to improve the interaction with a robotic system, it
is crucial to analyse at the same time what happens on the system level (informatics
perspective) and what happens on the interaction level (interaction studies and task analysis
perspective). Therefore, in order to understand what humans do in the interaction with an
autonomous robot and why they do it, it is also crucial to log what is happening on the
system side. In general, every action and event will be logged by HOBBIT anyway. However,
analysis of this huge amount of data would not be feasible without any assumptions on
relevant data, related to specific research questions. We are currently building and
implementing the database where relevant logging information is collected in a manner that

enables us to evaluate following indicators:

Ease of learning (Usabl): By logging the number of times a command or question is
repeated until confirmed properly and the reaction times to answer the robot’s questions
each day, and by comparing their change over time, we can gain valuable insights about the
learning of the system by the user.

o Hemming, T., Crabtree, A., Rodden, T., Clarke, T., Rouncefield, M.: Probing the Probes. In:
Proceedings of the Participatory Design Conference, pp. 23—-25 (2002)

10 Bernhaupt, R., Obrist, M., Weiss, A., Beck, E., & Tscheligi, M. (2008). Trends in the living room and
beyond: results from ethnographic studies using creative and playful probing. Computers in
Entertainment (CIE), 6(1).

1 Manja Lohse, Marc Hanheide, Katharina J. Rohlfing, and Gerhard Sagerer. 2009. Systemic
interaction analysis (SInA) in HRI. In Proceedings of the 4th ACM/IEEE international conference on
Human robot interaction (HRI '09). ACM, New York, NY, USA, 93-100.

DOI=10.1145/1514095.1514114 http://doi.acm.org/10.1145/1514095.1514114
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Flexibility (Usab2): By logging the number of times different modalities are used successfully
(command input is recognised, command is understood and not cancelled by the user), and

by analysing their frequency of use, we can evaluate the system’s flexibility.

Utility (Usab3): By logging the number of times Hobbit needs to recharge, the numbers of
necessary restarts, and the number of successfully detected and grasped objects, we can

objectively evaluate the system’s utility.

Emotional attachment (Acc4): By logging the change of the social role over time we can

analyse the emotional attachment to the robot.

(Perceived) reciprocity (Acch): We will ask users via questionnaires how they perceive the
reciprocity (and teamwork) with the robot. Another way to gain valuable insights is to look at
the return of favour interactions by logging. Interesting questions here are: “how often does

the user help the robot” and “how often does the user accept the return of favour”.

In more detail we will collect the following logging data:

Content-wise Question Operationalisation Example
How much time passes | Per day, user, and Dayl, userl, wake up, starting
between two robot commands | command point: 07:30:00
that were proactively issued | Time stamp for the Day1, userl, wake up, ending
by the user? (Usabl) starting point of a point: 07:31:00
proactively issued user Dayl, userl, bring object,
command starting point: 08:00:00
AND Dayl, wuserl, bring object,

Time stamp of the ending ending point: 08:15:00

point of a proactively

issued user command;

How often was an emergency | Frequency of occurrence | Dayl, userl, emergency, user
call issued by the user, by the | per day, user, and initiated: O times
robot? (Usabl) initiator Dayl, userl, emergency, robot

initiated 3 times

Which modality was used by | Frequency of occurrence | Dayl, userl, gesture: 2 times
the user to initiate an | per day, type and user AND

interaction and/or confirm a | AND
dialogue? (Usab2)

Dayl, userl, gesture, yes: 2

Frequency of occurrence | times
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per day, type, and user in | Dayl, userl, speech, yes: 10
relation to the activity times

Which command was | Frequency of occurrence | Dayl, userl,pick-up: 5 times

executed proactively by the

user? (Usab3)

per day, type, and user

Which robot activity was
proactively cancelled by the

user? (Usab3)

Frequency of occurrence
per day, type, and user in

relation to the activity

Dayl, userl, approach user,

cancelled: 5 times

How often does the robot go
recharging by itself in relation
to the battery level? (Usab3)

Frequency of occurrence
per day and user with
according battery level

Dayl, userl, go recharge, robot-
initiated: 3 times, battery level x

How often does the user send
the robot recharging in
relation to the battery level?

(Usab3)

Frequency of occurrence
per day and user with
according battery level

Dayl, userl, go recharge, user-
initiated: 3 times, battery level x

How often was a complete
restart of Hobbit necessary?

(Usab3)

Frequency of occurrence

per day and user

Day1, userl, restart: 3 times

How often was an object
found by Hobbit in the clear

floor and bring object task?

(Usab3)

Frequency of occurrence

per day and user

Dayl, userl, clear floor, object
detected: 3 times
Dayl, userl, bring object, object

recognized: 3 times

How often was an object

successfully grasped?

(Usab3)

Frequency of occurrence

per day and user

Dayl, userl, clear floor, object
grasped: 3 times
Dayl, userl, bring object, object

grasped: 2 times

How does the social role
value change over time?
(Acc4)

Social role value per user

and day

Dayl, userl, social role value: 1

Day2, userl, social role value: 2

How often does the robot ask
for help? (Accb)

Frequency of occurrence

per day, user

Dayl, userl, robot asks for help:

4 times

How often does the user

accept to help? (Accb)

Frequency of occurrence

per day, user

Day1, userl, user accepts to

help: 4 times
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How often does the robot
offer to return the favour?
(Accb)

Frequency of occurrence

per day, user

Dayl, userl, robot offers return

of favour: 4 times

How often does the user
accept to return the favour?
(Accb)

Frequency of occurrence

per day, user

Day1l, userl, user accepts return

of favour: 4 times

2.2.4 Interviews

In-depth interviews are “person-to person” discussions about a specific topic of interest. The

method generates qualitative data about the interviewee's thoughts, feelings and beliefs. In

the methodological framework for the PT2 trials, we will use in-depth interviews in order to

reflect with the participants on how they perceived the interaction with HOBBIT over time

(wrt. all defined quality factors). This will generate valuable in-depth qualitative data which we

will not only analyse in content analysis, but we will use to better interpret results from

guestionnaire and logging data. However we are aware that using interviews as an

evaluation method also has methodological limitations in HRI research. The response style

of participants influences the gathered data. Participants can answer in an affirmative way, in

a negative way, and in a socially desired way. However, together with the data from the other

methods, valuable conclusions can be drawn even from small sample sizes.

Topics to be addressed in the interviews at the end of trials will be:

¢ Multimodal approach: Did users find a preferred modality over time? And if so, why

did they prefer that particular modality for operating the robot?

o Experience with certain functionalities and encountered problems (i.e. did HOBBIT

detect all objects on the floor to clear them away? Or were there more objects than

HOBBIT could detect/grasp? Did this lead to a change in the user’s behaviour?)

e Learn object: Was this helpful for the user? Would users have liked to teach more
objects than possible to HOBBIT?

e Did users feel safe with the robot or was the device in their home a rather

intimidating/frightening experience? Did this attitude change over the three weeks?

o Did the users emotionally attach to the robot? And if so, how did this change the

robot’s status for the users?

Secondary users will also be briefly interviewed.

The exact content of the finalised versions of the interview guidelines will depend on and be
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influenced by outcomes from pilot-trials that will be conducted before applying HOBBIT in

users’ homes.

2.25 Conjoint Analysis

A conjoint analysis is a method from marketing research, which starts with the construction of
different product profiles (e.g. HOBBIT as it is in PT2 and extended versions of the future
product). Then customer satisfaction levels with respect to each product configuration are
collected from the study participants after the three weeks of trial times. For example, a
respondent is asked to evaluate a product configuration and give a mark based on a 9-point
scale, where ‘9" means the maximum satisfaction, and ‘1’ means the minimum satisfaction
level. This rating procedure of the product profiles can give a more attitudinal response
towards the customer perceived value than asking participants about actual amounts of
money they are willing to spend for a robot (above all as these questions are very dependent

on the socio-demographic background of users).

2.3 Evaluation Timeline

User trials with the robot are scheduled for three weeks each. The timeline when which

method is used to obtain feedback from the users is summarized in Table 2.

www.hobbit-project.eu/ 27/98



http://www.hobbit-project.eu/

HOBBIT D1.6 System Specifications
Pre-Phase Week 1 Week 2 Week 3 Post-Phase
(voluntary, one
week after end
of trials)
Household Check Initialisation Questionnaires Questionnaires Questionnaires
Phase Accl; Acc2; Acc3 | Accl, Acc2; Acc3; | Accl; Acc2; Acc3;
Acc 4 and 5
Acc 4 and 5
Questionnaires Safety Check Conjoint Interview
Accl; Acc2; Acc3; analysis Usab3;
Aff2 Acc2; Acc3; Acc4;
Questionnaires; Interview

Acc4; Acch

Usab2; Usab3;
Acc?2; Acc3; Acc4;
Aff2

Cultural Probing
Usabl; Usab3;
Acc2; Acc3; Acch

Logging

Usabl; Usab2; Usab3

Acc4; Acch

Table 2: Overview of the timeline for PT2 user trials and when which evaluation methods will be

conducted.

The secondary user is asked to be present at the initialization phase. She or he can assist

the facilitator and the primary user with data input, e.g. entering calendar dates or phone

numbers. The secondary user will be interviewed in week 3. He or she will be asked to

answer questions concerning system usability (based on the established System Usability

Scale)™, perceived safety (Acc 3), perception of utility (Usab 3) and affordability (Aff 2).

Additionally, the secondary user will be invited to support the primary user in the probing

material.

12 Brooke, J. (1986): System Usability Scale (SUS). Digital Equipment Corporation.
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2.4 Recruitment Criteria

In order to assure user continuity, the recruitment of primary users will be focused on the
pool of users who had already participated in former stages of the user requirement
assessments and had expressed their interest in further participation. Thus some of the
users were involved throughout the whole project, starting with the workshops, answering the
guestionnaires, taking part in the interviews, testing PT1 and after that having the second
prototype at their homes. Naturally, it can always be possible that individual users drop out of
the project for various reasons (e.g. health issues, loss of interest, change of living situation).
In this case, new users will be recruited to try the best possible such that there will be no

delay in the trial schedule.

Primary users (PUs) are defined as users who face a number of difficulties in reduced
mobility, followed by sight and hearing problems. To detect and grade the impairments of the
users a screening questionnaire will be used, which already was conducted at the PT1 trials
(see D1.1: 3.1.4.1). To participate in PT2 Trials Users should at least have moderate

impairments in the questionnaire.

As it cannot be assumed that the risk to fall is an issue for every person aged over 75,
indicators are needed to give a better estimation about this risk to include participants who
will represent the target group the best. One risk factor which can be easily assessed is the

fall history. Several studies show that a previous fall raises the possibility of another fall*.

Furthermore, we suppose that the selection of only older adults with a fall history would
exclude an important group of participants. We hypothesize that the HOBBIT target group
will not only consist of people with a fall history. The target group will also buy the robot
because of their subjective perception of their need for a product which can support a higher
feeling of safety. There is evidence for this suggestion: A study showed that 33-46% of
community-dwelling older adults who have not fallen report fear of falling*. Hence not having
a fall history should not be an exclusion criterion for PT2 trials. To make sure to select only

participants for whom their personal risk of falling is a subjective issue they will be asked

% Anders, J., Dapp, U., Laub, S., von Renteln-Kruse, W., Juhl, K. (2006). Einschatzung der
Sturzgeféahrdung gebrechlicher, noch selbstdndig lebender Aalterer Menschen. Zeitschrift fur
Gerontologie und Geriatrie, 39, 268-276.

' Maki, B. E., Holliday P. J & Topper, A. K. (1991). Fear of falling and postural performance in the
elderly. The Journal of Gerontology; 46; 123-31.
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whether they experience fear of falling in their home as well. This approach has been chosen
as National Center for Health statistics' show that nearly half of the respondent-reported
non-fatal, medically attended injury episodes occurred in or around the home. The 2007
injury report of Centers for Diseases Control of the U.S.* furthermore reports that inside the
home was the leading place of injury for all age groups except for young people aged 15-24.
For adults aged 65 years and over, more than one-half of all injury episodes occurred inside
the home.

To gain a deeper inside of fear of falling, during and after trials the Falls Efficacy scale
(FES'") will be used, which assesses the fear of falling. The higher people score on this
scale, the lower will be their confidence in managing activities of their daily routine. This
activity restriction may in long term also have an effect on physical abilities™® and limits the
wellbeing and autonomy of older people. The FES will be used as an indicator to rate
HOBBIT’s success in reducing fear of falling and thus raising participant’s perceived safety.
To measure if there was a reduction in fear of falling due to HOBBIT, the FES should be filled
out by participants before trials (in the pre-phase) and also in week 3 and in the voluntary
post-phase of the trials, which will take place approximately one week after the final trial

week

To summarize our additional recruitment criteria, our participants should either report a fall
history with at least one fall within the last two years or report a subjective fear of falling

before the trials.

Secondary Users (SUs) will be asked to assist PUs as in the PT1 user trials. SU will be also

interviewed to obtain more reliable results from user trials (see Section 2.2).

Apart from the impairment grading, PU has to fulfil the following inclusion criteria for PT2

trials:
Inclusion criteria:

¢ Men and women aged 75 or older

15 The National Centers  for Disease Control and Prevention Fact Sheet;

http://www.cdc.gov/nchs/data/factsheets/factsheet _injury.htm#nchs. Accessed: 24.03.2014.

10 Injury report of Centers for Diseases Control; http://www.cdc.gov/nchs/data/misc/injury2007.pdf.
Accessed: 24.03.2014.

Y Tinetti M. E., Richman D. & Powell L. (1990) Falls efficacy as a measure of fear of falling. The
Journal of Gerontology, 45(6), 239—-243.

'® Delbaere, K., Combez, G., Vanderstraeten, G., Willems, T. & Cambier, D. (2004). Fear related
avoidance of activities, falls and physical frailty. A prospective community-based cohort study. Age
and Ageing, 33, 368-373.
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Single-living at home (due to considerations that acceptance of a robot system

among senior couples might be lower than for single-living persons)

Moderate impairments in one or several of the areas mentioned above

(mobility/motor skills, sight, and hearing), measured by questions (see D1.1: 3.1.4.1).
Possible multi morbidity (different impairments)

Possibly also receiving (moderate) home care; help in the household

Sufficient mental capacity to understand the project and ability to give consent
Possibly having an internet connection (at least ADSL).

Preferably, having a secondary user (relative, friend or neighbour) willing to
accompany the PU and let HOBBIT call for help when needed.

Accepting photographs and/or videos to be taken for documentation and

dissemination.

Exclusion criteria:

Bedridden person/complete immobility
Any chronic disease that demands regular and longer treatment in hospitals
Blindness or deafness

Flat is unsuitable for HOBBIT to be tested in the PT2 trials (e.g., stairs, two storied
flats, high doorsteps or other barriers)

24-hour-home-care/regular medical home care that serves to avoid or at least shorten

hospitalisation of a person

Cognitive impairments that render the use and understanding of HOBBIT impossible

(e.g. progressed Alzheimer’s disease)
Pacemaker

Freewheeling pets in the flat

Before the actual trials, the defined criteria will be surveyed and the users’ homes will be

controlled to make sure that they match the reported criteria. When users are considered as

suitable to the target group and have agreed to the informed consent, the first installations

like internet and AAL sensors will be mounted.
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3 HRI Specifications for PT 2 Trials

In the HOBBIT project we extensively investigated the user needs, desires and expectations
towards HOBBIT. As typically in user-centred design approaches not all user expectations
can be fulfilled in the system implementation. Therefore, an informed decision had to be
made by the interdisciplinary project consortium about which user requirements derived from
the results obtained from the PT1 trials can actually be realised in PT2. This priorisation of
user requirements for the actual implementation in PT2 has been reported in D1.2.

To implement the Human-Robot-Interaction aspects of HOBBIT, we need to translate the
user requirements into concrete scenarios regarding how the user will interact with the robot.
Section 3.1 outlines the process to develop the scenarios. The scenario descriptions are
provided in detail in Appendix (Section 7).

The most important component of the HRI design for the HOBBIT project is the realization of
the Mutual Care Paradigm. Hence, the largest part of Section 3 presents how the Mutual

Care Concept affects the HRI scenarios (Section 3.2 and its subsections).

3.1 Human-Robot Interaction Scenarios

In deliverable D1.2, Tables 7.4 to 7.6 give the ranked priorities of the requirements to the
HOBBIT robot. Tables are ordered with high (Table 7.4), medium (Table 7.5) and low
priorities (Table 7.6) and in each table a ranking is provided. Based on these ranked user
requirements, which focus on security for Primary Users, and the decision, which
requirements were most important and also technically feasible in the context of the PT2
development, scenario descriptions were worked out cooperatively by the user partners
(AAF, ULUND, FORTH).

In general the scenario development followed the “Computers As Social Actor” (CASA),
paradigm which suggests that people respond to robots as social actors, meaning entities
with their own identity (Nass & Moon 2000"). When interacting with an autonomous robot (or

even a tele-operated one) people respond in much the same way as to other people (Nass et

19 Nass, C., & Moon, Y. (2000). Machines and mindlessness: Social responses to computers. Journal
of Social Issues, 56(1), 81-103.
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al. 1994%) | as long as the interaction scenarios follow a human-oriented (not necessarily

human-equal) paradigm (for a review see Fong et al. 2003%).

A draft of the scenarios was then sent out to all partners who added comments regarding
unclear descriptions, failure risks, missing issues, technical feasibility, form and layout of the
scenario list, and any open questions which were raised by the scenarios themselves but
had not been discussed yet.

In a next iteration, the comments were processed by the user partners and the next version
of the scenarios was sent out. This process went through several iterations until all

comments and issues had been cleared and all partners arrived at a version they agreed to.

During this continuous discourse, it was also decided that some scenarios were not suitable
for real user homes and rather would be analysed in lab trials (due to safety reasons).
Detailed questions, for instance on issues of possibilities of the MMUI, were furthermore
discussed and solved in individual meetings and telephone conferences between user
partners (AAF) and the respective technical partners. The finalised scenario list (see

Appendix, Section 7) was agreed upon by all partners.

The scenario description follows the “natural” way of interacting with the robot and starts by
calling it.

e Call HOBBIT — as initial start of the user to call the robot.

e Emergency — the most important use case.

e Safety check — this has been added and is not part of the user requirements, since it
will be important that the robot makes the user aware of potential risks to fall in her
apartment. This will only be executed in the first days of the PT2 trials.

e Pick up, Clear floor — the scenarios where the user tells the robot to pick up an object
from the floor and where the robot on its routes will check for objects.

e User teaches system, bring me object — where the user can teach favourite objects
and so that the robot can later on search for it.

¢ Reminders — where we define different reminder categories for the assistance of the
user

e Transport object — where the user places an object on HOBBIT’s tray and the robot

follows the user.

% Nass, C., Steuer, J.S., and Tauber, E. 1994. Computers are social actors. Proceedings of Human
Factors in Computing Systems (Boston, MA, USA, April 24-28, 1994). CHI '94. ACM Press, New
York, NY, 72-77.

2 Fong, T., Nourbakhsh, I.,and Dautenhahn. K. 2003. A survey of socially interactive robots. Robotics
and Autonomous Systems
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¢ Robot recharging — a technical necessity that can also be assisted by the user.

e User goes away from home or to sleep — requesting the user to let the robot know
when she leaves the apartment, takes a nap or does not want to be disturbed for
some time.

e Fitness — HOBBIT assists the user to perform physical exercise, included as an

incentive to the user for keeping in good physical state.

The scenario descriptions contain recommended actions on how to handle different cases.
This implements the cases from the FMEA analysis (D1.3) that are relevant for PT2. The
cases not included are retained in the FMEA tables and will be considered in the further

technical development (see Section 5).

After a potential fall or simply to stand up, HOBBIT may be of use to help the user rise from
the floor or to rise from a chair. Our requirements analysis revealed that secondary users
prefer that they get informed about a fall and that the primary users do not try to get up on
their own, as this could cause even more harm. As we do not want to put the safety of our
participants under a risk in the PT2 trials (but still also want to address the desire of our
primary user to get support) we will test our concepts for rise from floor and chair only in the
laboratory under controlled conditions (with technical and medical facilitators). The scenario

descriptions are given in the Appendix in Section 7.2.

3.2 Mutual Care in PT2

The Mutual Care approach combines interdisciplinary methods to shape the robot's
appearance, function, and behaviour according to the social context. The user's perception of
the robot changes from a machine-like object to a social being. This leads to a new kind of
relationship, where the robot is no longer a sole tool. Yet, the deepness of the relationship
depends on the robot's purpose and functional limits as well as the user's personality and
experience. When implemented into an assistive robot, the Mutual Care Concept creates a

unique user experience leading to more frequent, longer lasting use and acceptance.

From the perspective of long-term HRI, an assistive robot such as HOBBIT can be provided
with basic traits while adapting to the individual needs of its owner over time. For this
purpose we propose to define concrete MuC parameters (see Section 3.2.3) of which some

adapt over time, while others stay stable:
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The Mutual Care behaviour of HOBBIT will be based on a social role model for PT2 in order
to increase the user control, freedom, and transparency (i.e. the user is aware that he/she
can change if HOBBIT behaved more like a tool or a companion). The user can adapt the
social role of HOBBIT based on two simple questions, which in the background change the
parameter settings of HOBBIT in relation to its social role. We assume that this social role
model will increase the acceptance of HOBBIT and that in the period of 3 weeks users will

change from the tool to the companion level.

>

Device / Tool Butler Companion / Friend

Figure 1: Behaviour repertoire depending on the robot’s social role.

The following MuC hypotheses will be explored in PT2 trials:

1. The Social Role of the robot changes with an increase in social value that indicates a
deepening of the human-robot bonding and an increased acceptance of robots
(DEVICE - BUTLER - COMPANION).

See: Parameter “Social Role” and indicators “acceptance towards robots” and
“emotional attachment”

2. Feeling of being safe and supported: The robot helps to maintain or increase the

user’s feeling of being safe.
See: indicator “perceived safety”.
3. Maintaining of the user’s self-efficacy: The interactions with the robot helps the user

to maintain or increase self-efficacy.
See: Indicator “self-efficacy”.

The indicator “perceived reciprocity” was already measured during the PT1 lab trials. In the

PT2 trials it will be measured over time and in the wild.

3.2.1 Robot Behavior Model

The Mutual Care approach describes a platform-independent social role for socially assistive
robots (see D1.1). This way, Mutual Care robots fulfill the social expectations of the user in
the long run and prolong the autonomy and independence of older persons to stay longer

autonomously at their own homes. The Mutual Care social role can be differentiated into
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three levels of behaviour expectations: MUST-HAVE, SHALL-HAVE and CAN-HAVE. The
MUST-HAVE level is designed to enable the robot to learn the behavior and preferences of
the user. The SHALL-HAVE level is concerned with the adaptation of behavior parameters
and reflects the preferred social role for the robot. The CAN-HAVE level is used to deepen

the user’s attachment for the robot.

MUST-HAVE expectations of a Mutual Care robot

MUST-HAVE expectations relate to the duties of the individual “wearing” the social role.
These duties are absolute and binding. In the event of non-fulfilment the consequence is
the end of the social relationship. Examples are suitable voice and loudness settings,
reliable reminders for medication and respecting sleeping times.

SHALL-HAVE expectations of a Mutual Care robot
SHALL-HAVE expectations are less binding than MUST-HAVE expectations. The

fulfillment implies specific skills that not everybody has. In the event of non-fulfillment the

consequence can be the end of the social relationship.

These are additional features in accordance with the individual preferences and needs of
the individual user. Consequently these features have to be continuously adapted to
maintain long-term acceptance. Our investigations suggest that the degree of the user’s
autonomy and self-sufficiency should be considered as important parameter for such
adaptations. A corresponding study [Huber 2014]?* using this method revealed the three
behavioural repertoires depending on the user's degree of autonomy resp. self-

sufficiency: tool-like, butler-like and companion-like behavior (see Figure below).

2 Huber, A., Lammer, L, Weiss, A., Vincze, M., Designing Adaptive Roles for Socially Assistive
Robots: A New Method to Reduce Technological Determinism and Role Stereotypes, Journal of

Human-Robot Interaction, submitted.
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i i

Social Role ,Device” , Butler” »,Companion®

Presence
Cheerfulness
Talkativeness

Listening

Motivates activities
Frugal & autonomous
\\\\\\\\\\\\\\\\\\\\\\\ Organlze dall\"- routlne

Behaviour

Figure 2: Main characteristics of the behaviour repertoire depending on the robot’s
social role.

CAN-HAVE expectations of a Mutual Care robot

CAN-HAVE expectations describe the behavior to do more than everything necessary.
Because the fulfillment of these expectations is regarded as purely voluntary, they have
beneficial effects on the development of the social relationship. There is no negative

consequence in the event of non-fulfillment.

The CAN-HAVE expectations are crucial for the establishment and unfolding of an
enduring social relationship. This level realizes the core of the Mutual Care approach by

initiating a switching helper/help-receiver situation between user and robot.

As a consequence, implementing Mutual Care means to provide specific content for each
level. The following section describes the Mutual Care specific content of the social role

levels.

3.2.2 HOBBIT Behaviour Parameters

Table 3 below shows all relevant parameters controlling the behaviour of the robot. They are
adapted accordingly to the social role of the robot (Figure 2). The two sides of the social role

scale are quoted to illustrate the range of the possible adaptation.

Furthermore, the parameters are categorized into the three MuC-Levels, where the MUST-
HAVE level is considered as the base for initial acceptance. If parameters from this level falil,
the Mutual Care effects cannot set in. Note that parameters in the MUST-HAVE level do not
dynamically adapt over time. The reason for this is to limit the adaptations to the relevant
factors of the Mutual Care analysis. Too many parameters would hinder the scientific
analysis of the results. The parameters of the SHALL-HAVE level were chosen to adapt to
the user's expectations and thus contribute to long-term acceptance as a result of the

findings from PT1 trials. The single Return-of-Favour parameter of the CAN-HAVE level
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creates reciprocity and its subsequent psychological effects (again supported by findings
from PT1 trials).

MuC- Parameter “Device” Role “Companion” Value
Level Role
User Sleeping Time No adaption Set by user
Medication Reminder No adaption Set by user
) ) (Michalowski,
Distance User-Robot No adaption -
2006)
Approaching Speed ] (Dautenhahn,
No adaption "
2007)
LB Approaching No adanti (Dautenhahn,
0 adaption
Have Direction P 2007)*
Voice Gender No adaption Set by user
Voice Pitch No adaption Set by user
Voice Speed No adaption Set by user
Voice Volume No adaption Set by user
Voice Effects No adaption Set by user
Presence (Idle In the same room as Result of
. Far from user )
Position) user project study
SHALL- o _ _ Result of
Proactivity Level 1 time/day 5 times/day )
Have project study
Social Groomi Every 5d Every 3d (Nelson,
ocial Groomin ver ays ver ays
g y y y Y 2007)”

8 Michalowski, P. M., Sabanovic, S. Simmons R. (2006): A spatial model of engagement for a social
robot, Proceedings of the 9th International Workshop on Advanced Motion Control (AMC 2006),
March, 2006, pp. 762 - 767.

24

Philosophical Transactions of the Royal Society B: Biological Sciences 362: 679-704.

25

perspective. Curr Psychol 26:121-140.
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Nelson H, Geher G (2007) Mutual grooming in human dyadic relationships: an ethological
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4 times/day (after 1-2
) ) Result of
Boredom 0 time/day hours without )
. ) project study
interaction)

o ) . Result of
Communication Style polite amicable )
project study
CAN- No adaption See PT1
Return of Favour
Have results

Table 3: Mutual Care levels and the respective parameters, roles, and values.

In the following section the content of the listed parameters from the SHALL-have and CAN-

have level are discussed in more detail.

3.2.3 Description of the Mutual Care Parameters

The SHALL-HAVE parameters in Table 3 above are now described in detail because of their
relevance in adapting to the user’s needs and preferences. These parameters are adapted
according to the present value of the robot’s Social Role. Although the Social Role is listed
here as first parameter, it influences the setting of all other parameters. This is depicted in
Table 3 above, where Social Role (Device... Companion) represents columns, while all other

parameters are one row and list one aspect of the behavior under the specific social role.

Social Role

The robot asks regularly the user for feedback. In this way the robot gathers information
about the user’s perceived safety and it will use the feedback to adapt its social role. This
parametric aspect is derived from the person-like need for having a purpose to deepen the
impression of being more than a simple piece of technology.

A low value indicates a role determined by functionality. A high level represents social
aspects. To illustrate that, the robot can be imagined as DEVICE (0-1), BUTLER (2) or
COMPANION (3-4). Its value strongly influences a lot of other parameters to change the
robots behaviour adequately to the social role it represents.

The social role parameter is a meta-parameter (column in Table 3 above) for the following

SHALL-HAVE parameters (a row each in Table 3 above):

e Presence,

e Proactivity Level,
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e Social Grooming,
e Boredom, and

¢ Communication Style.

Presence

High presence means that the robot stays in the same room with the user after the
interaction has ended. With a low Presence the robot immediately leaves the room after the

dialogue.

This parametric aspect is derived from studies (Huber 2014, see footnote above) showing

the users’ wish to have a helper who is always present.

Proactivity Level

High Proactivity means that the robot often takes the initiative and approaches the user to
suggest/advise/ report/communicate something (e.g. “Learn object”, “Search for object”,

“Clear floor”, “Offer entertainment”, “Surprise”, and “Assist social relationships”). With a low

level the robot does nothing unless the user calls for the robot (e.g. using the AAL button).

This parametric aspect is derived from study results conducted in the context of the HOBBIT
project showing the users’ wish to have a helper who is always present (Huber 2014, see

footnote above).

Social Grooming

The robot pro-actively asks the user to clean the robot’s not-functional parts to restore
hygiene and reinforce a social relationship. The frequency of asking is higher if the robot’s

role is “Companion”.

This parametric aspect is derived from Nelson’s research (2007)" to deepen the impression

of being more than a simple piece of technology.

Boredom

This parameter defines the degree of boredom the robot has built up internally. Boredom is
reduced by interactions and by triggering autonomous behaviour. The higher the Social Role
value, the faster Boredom increases. To reduce Boredom autonomously a spontaneously
emotional expression is triggered. These expressions are: snickering (with displayed
dialogue: “Wanna know what’s funny?” If “Yes”, tell user a joke) and whistling a song.
Another way for the robot to reduce boredom is to ask the user if it can learn a new object. In

these ways the robot uses boredom to adapt to the user’s environment and preferences.
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This parametric aspect is derived from the person-like characteristic of observable behaviour
reflecting psychic dynamics (Baum, 2005)?°. This parameter is implemented to deepen the
impression of being more than a simple piece of technology and to increase HOBBIT's
perceived autonomy. It also reflects the users’ wish to have a cheerful helper, which is in

accordance with study results conducted in the context of the HOBBIT project.

Communication Style

A high value in communication style lets the robot talk amicable; a low value results in a
concise and polite language. This parametric aspect is derived from study results conducted
in the context of the HOBBIT project showing the users’ wish to have either a frugal or
talkative helper. In fact the content for both communication styles is the same, social-role-
depending changes concern only the kind of addressing the user and the colloquial talking
style.

Return of Favour

This parametric aspect was developed and confirmed in PT1 for social bonding and
responsibility to deepen the impression of being more than a simple piece of technology.

In order to set this parameter and its use cases, HOBBIT detects defined system failures and
asks for help from the user. For example, the robot receives the “Call” command and starts
to move towards the location of the call button when it is blocked by an obstacle that it
cannot pass with alternative routes. In this case, the user can help by removing the obstacle.
Another example is the case (already used in the PT1 trials), where HOBBIT does not find an
object. In such a situation, the user can help by telling the robot at which location to search
first. When the robot needs help, it actively asks for it. The user has the possibility to accept

or decline.

After defining possible HOBBIT failures that can be helped with, appropriate “return of
favour” actions, which HOBBIT can offer, will be defined. It is important that each of these
mini scenarios has one option with “return of favour” and one option without, as the “return of
favour” offering depends on the social role of the robot and is bound to a certain frequency.
In the example with an obstacle blocking the robot’s path, the robot can answer “Thank you
for making your home a safer place for both of us! Do you want me to follow you?” as a
standard answer to the users help. The return of favour option could include “Can | offer you

some music while following you?” When the robot has accomplished the task with the help of

%6 Baum, W.M. (2005) Understanding behaviorism: Behavior, Culture and Evolution. Blackwell.
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the user, it will at defined frequencies, conditions and situations offer a specific “return of
favour”. If the task is still not accomplished with the help of the user, no “return of favour” is

offered.

3.2.4 Implementing Mutual Care in PT2

The purpose of Mutual Care is to support and prolong the user’s autonomy. Its effects are
measured in PT2 in terms of human-robot attachment, perceived safety and self-efficacy. To
achieve this goal we designed Mutual Care as a platform independent framework that
consists of three parameter level. From the view of this architecture the following question

can be addressed very clearly:

“How the robot learns behavior and preferences of the user, how it adapts and

responds to them, how it learns reminders and applies them.”

The first parameter level represents well-grounded MUST-HAVE characteristics which are
set by the user directly. This includes reminders, medications or individual HOBBIT setting
(e.g. voice volume). The parameters of the second level are developed to adapt to the user’s
needs and preferences. The robot regularly asks the user about its behavior and adjusts
these parameters accordingly to his or her answer. The third parameter level goes beyond
functionality and dynamic adaption. It consists of the relationship-deepening factor of
reciprocity — the core of Mutual Care.
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4 PT2 Functionality

This Section describes the design of PT2 and gives its full set of abilities/functionalities in
form of technical specifications (following Recommendation 1 of the 18months review report).
D2.3 will present the detailed appearance design of the platform PT2.

To accommodate the scenarios selected for PT2, we present the functionality of the HOBBIT
PT2. The hardware specifications are presented in Section 4.1, while other

abilities/functionalities are presented in sections 4.2 — 4.8.

4.1 Specifications of the PT2 robot platform (Hardware)

The robot hardware includes in the mobile platform, the robot arm, the upper body with head
and turntable, the hardware for supporting the MMUI (Multi-Modal User Interface), and the
design combining all HW components. Specifications are as follows.

e Hardware: Mobile Platform (METRA)

o Size: ca. 450 x 500 mm

o Application of the EC machinery directive 2006/42/EG, applied standards: DIN
EN 60204-1, DIN EN 60335-1, DIN EN ISO 12100, DIN EN 55011, class A, DIN
EN 61000.

o Environment - Floor: thresholds smaller than 10mm; slopes smaller than ten
degrees, surfaces are opaque and matte, surfaces are flat, solid and not
slippery; carpets are fixed on the floor, lower than 5mm, not slipping and have
no upturned ends, open space of 1x1 m for charging in front of a wall

o Maximum velocity: 0.3 m/s

o Motor & power controller, embedded PC

o Safety bumper all around base

e Hardware: Robot Arm: The grasping function uses a robot arm to grasp objects for
fulfilling user requirements including clear floor, picking up objects and also for
learning objects. The grasping module controls the mechanical parts of the arm and
the gripper. Input for the Grasping module is the position and orientation of the object,
which is obtained by the object recognition function (see Section 5.3), and outputs are
corresponding movements of the gripper and arm. To fulfil the grasping function for

the user, we derive the following functional specifications:
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Arm safety: The arm needs to be safe close to humans when operating.
Hence, control, speed and arm weight/inertia need to be set accordingly as
well as the related standards need to be respected (e.g., 1ISO 13482). A
detailed risk analysis is presented in D7.1.

Arm reachability: The arm dimensions and placement should be such that
the arm permits object reaching and grasping from the floor up to the height of
tables and low shelves. The permissible height range is up to 92 cm.
Additionally, the users are made aware of the limitations of HOBBIT following
the Mutual Care paradigm.

Object weight: The arm needs to be able to lift objects with up to 500 g of
weight, which includes a wide variety of objects the users ask for as outlined
in D1.2.

Object size and shape: objects vary largely in their shape and size. Using a
hand as reference and starting point, grasping is able to handle objects where
one of the size dimensions is smaller than about 100 mm.

Computational requirements: In order to control the arm and gripping
mechanism in a precise way and to react as fast as possible to safety issues,
the control algorithms need to be implemented on sufficiently fast hardware.
Modular arm integration: The arm needs to be integrated onto the HOBBIT
platform ideally as a detachable module.

Robot stability: motions of the arm must be coordinated to assure overall
stability of the platform.

Arm surfaces: the arm has to be covered with special material, which is

cleanable and has less influence on the movements of the arm.

¢ Hardware: Upper body: Head, Turntable

O

Head: providing motion for camera and display; mounted to raise to a height
of 120cm above ground; Camera: Kinect with minimal viewing distance (RGB-
D images) and additional IR sensor; Display: two screens for the eyes
including electronics to control them; at least two degrees of motion: rotation
of 270 degrees and pitch of at least 90 degrees (up-down); casing and neck in
joint work with the design.

Turntable: size: 160x160mm, good handle for grasping, as light as possible,
and not sticking out, flat surface to place an object with a small rim to keep
objects from rolling off, and in a location such that the robot can ideally grasp

it by itself without the help of the user.
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Hardware for supporting the MMUI: with the exception of gesture recognition, it is
integrated on a touchscreen PC. The central component is a Touchscreen PC,
running all the software components. It provides visual screen output and
touchscreen input (GUI), the audio (microphone) input (ASR) and output (TTS,
sounds) via speakers and the hardware link to the USB I/O channels for external
touch sensors and lights. It is connected via LAN or WLAN to the internal HOBBIT
network and the Internet. Power is supplied by the HOBBIT platform batteries via a
DC converter, the touchscreen built-in batteries will give an extra runtime for 2 hours
minimum. The PC is not to be switched on or off by the user at any time, except for a

complete restart scenario. External connections are (optional):

o 1/O board connected via USB. It connects to the external touch sensors
and the external lights. It can provide limited power for the external circuits
(5V ~500mA).

e Array microphone for optimizing ASR performance (directionality, echo
cancellation).

e External speakers for better audio.

e LAN/WLAN to other HOBBIT modules on XPC and the Internet.

o Touchscreen PC: ASUS Eee Slate B121 Tablet PC
e Screen diagonal 30.7 cm (12.1"), resolution 1280 x 800
¢ Robust Corning® Gorilla® Glass screen surface
e Intel Core i5 CPU, 4GB RAM, SSD drive, Windows7
e Supply DC 19.5V, 60W, > 2h autonomy
e Dimensions 312 x 207.2 x 16.95 mm (WxDxH)
e Weight 1.16 kg

o Audio, Microphone, Speaker: For the audio a dedicated USB sound card is
used so that echo cancellation can work in hardware (to suppress feedback

from loudspeaker into microphone).

e Array microphone Andrea Electronics Pure Audio® USB-SA with Free
Array-2SA:

e Max Input Sound Level at 1 KHz, 3%THD 115 dB
e Output Signal Level at THD <3% @ 1 KHz 24-120 mVrms
e Sensitivity at 1 kHz (0 dB = 1 V/Pa Vdc = 1.6V) -40 to -37 dBV
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o Frequency Response at 3dB Variation 50-8000 Hz, noise 20 pVrms
¢ Recommended Operating Distance 30-120cm (12-48)
e Acoustic Signal Reduction at 1 KHz outside of 30° beamform 15-30 dB
e Noise Reduction 20-25 dB

Speaker Logitech Z110: USB powered 1.2W total (only one speaker used)

Tablet Power DC converter: This converter provides 19V out of the 24V
platform supply. Note that input voltages up to min. 30V must be tolerated
because of battery properties! E.g. Hama 00054193 90W Universal Notebook
Power Supply. The cabling must be adapted to fit the connector of the Tablet
PC. The PC can be powered down by SW. To be switched on again the

mechanical slider button on the PC must be used.

Network LAN adapter: USB powered 10/100 Mb/s Ethernet adapter for
connection to XPC. The network adapter could be used for Wake —on-USB
(similar to Wake-on-LAN) to re-start the Table PC after the complete system
has been switched off. This is currently not implemented but is considered as

a possible future enhancement.

o Design: The design is constrained by the functional and hardware requirements and

vice versa.

O

HOBBIT will have an anthropomorphic appearance (see D1.2, DES 4), i.e.
have an arm on one side (D1.2, DES 1; and “Hardware: Robot arm” above)
and a movable head with eyes at the top (D1.2, DES 3; and “Hardware: Upper
body” above), so the users know where to look when communicating with
HOBBIT. However, HOBBIT will not look like an artificial human being (D1.2
Chapter 4.4.6.2 Components of the robot).

HOBBIT will be able to express emotions (D1.2, MuC 13) using eyes and a
head.

HOBBIT will be relatively small (see D1.2, DES 5), with a maximum height of
125cm and a maximum width of 50cm including the arm when in its default
position. HOBBIT will not look bulky.
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o The electronics and cables for the platform, the arm, the sensor systems and
the other hardware will be covered, so the user doesn’t see them. The cover
will not be larger than necessary avoiding HOBBIT to look bulky.

o HOBBIT will have a soft shape without sharp edges that could harm the user
(see D1.2, DES2).

o HOBBIT’s surfaces will be easy to clean (see D1.2 DES6).

o HOBBIT will have a quiet colour (no shock-colour) (D1.2 Chapter 4.4.6.6
Preferred colours).

o The background colour of HOBBIT’s screen can be adapted (see D1.2 DES7).
The colour of HOBBIT’s surfaces will not be adapted between users in the
PT2 trials.

o The users can decorate HOBBIT (see D1.2 MuC7) as long as it does not
restrict arm movements or HOBBIT'’s field of view.

o The touchscreen will be reachable by a seated as well as a standing user.

Technical specifications of the components planned for PT2 are given in the Appendix in

Section 7.2 (last two pages).

4.2 Multi Modal User Interface

The HOBBIT user interface (Ul) for PT2 is multi-modal. It is specified to support command
input by

¢ Voice recognition (ASR), within a distance up to 2-3 m

e Gesture recognition (GRI), within a distance up to 3 m (details in WP5)

e Touchscreen and

e Touch/push button sensors.

Whereas the ASR and GRI are specified as additional modalities while the touch screen and

buttons are providing the base interface.
Output capabilities of the Ul are specified as follows:
e Text-to-speech (TTS), sounds,
e Touchscreen (text, graphics),
e Gestures/behaviour of robot and lights (optional),

The output method used depends on global behaviour modelling parameters (e.g. Social
Role).
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4.2.1

General Ul features

The Ul of PT2 is to be based on the previously validated PT1 version, with following main

features:

4.2.2

4.2.3

User friendly and clear GUI elements

Possibility to easily update the Ul elements with regards to graphical design and
addition of new icons. For PT2, new and redesigned icons will be provided by
appearance design, the Ul will provide an easy update / integration capability

Position of the GUI on a protruding, more ergonomic position of the PT2 robot

Full support of the improved Behaviour Coordination by the Ul Dialogue Manager

New and more ergonomic gestures are integrated (see Section 4.3)

Texts

For a well-structured architecture and support of translation into different languages,
all texts to be used on the Ul are specified by identifiers (ID). This allows having all
texts on a centralised unique location in the system.

The base of the texts is formed by an English Master specification, later translation to
the 3 user languages (German, Swedish, Greek) is provided via configuration

A handling mechanism of the Ul provides a mechanism to vary the text depending on
the current Social Role (appropriate text is selected automatically)

To support more vivid appearance and dialogues of PT2 a mechanism will provide
alternative versions of texts, which are chosen at random

The Ul enables the use of variables in the defined texts (e.g. name of user, locations
in the flat)

Commands

In addition to the commands already implemented for PT1 the Ul for PT2 has to include:

New commands and GUI menus for
o Robot commands (e.g. for the follow me, goto and pickup)
o Entertainment (Reading ebooks / audiobooks, internet radio, fithess)
o Calendar support as basis for reminders
o Weather page: This feature allows to show the current conditions and the
forecast for 4 days. The location is to be set in the configuration tool.

o Presentation of the robot manual,
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o Social media page: It is intended to include the user in the social online life of
their relatives and will show a collection of twitter and facebook messages
(including pictures).

o Presentation of a safety check list

o A separate fitness menu

o Showing pictures from online platforms

Improved structuring and grouping of the menus and icons (based on PT1 user
feedback), including a new navigation bar to ease the user’s browsing through the
menus

A new Break/Interrupt option to tell HOBBIT of a planned absence of the user, the
planned duration and the return.

A page scroll function if more than 6 selections are necessary in a single menu (see
Figure 3)

Capability for personalisation (e.g. back ground colour to be set with help of the

configuration tool according to user’s individual preferences

3 Robot Commands

& Y ) 4

2| T

\ / \ v, \ J
Learn object Bring me ... Pick up
e Y " @ N
\ J \ / \ v,
Follow me Go to point Go recharging

Figure 3: Examples of draft layouts of PT2 UR for robot commands

4.2.4 ASR

Additional specification for ASR (in addition to PT1, see D2.1):

The new commands are added to the ASR grammar

The ASR allows commands to be given in several natural variations specified in the
grammar

ASR performance has to be optimised for a distance up to 3m

Use of array microphone with controllable beam forming (see Fig. below)

Dynamically adapting the effective grammar to the context (only selection of ASR
commands are available according to current state of the Ul)
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Figure 4: Characteristic of the directionality of USB-SA with Array-2SA from Andrea Electronics
used for ASR

The selected directional microphone solution is based on adaptive beam forming, which
creates a precise area of sensitivity for picking up audio signals. The Figure below shows a
method to use this for reducing the influence of unwanted signals (e.g. TV, radio, noise from
street). Noise sources are reduced by typically 20dB to 25dB, which can make a significant
improvement for the ASR performance (cf. measurements of directivity and ASR

performance are reported in D2.2).

Disturbing sound source
- "‘\\ (e.g. other person’s voice, TV, noise; outside beam of microphone

User’s voice
U (inside beam of microphone)

Hobbit robot
with directional } Beam of array microphone
microphone applying
beam forming } Sharp transition, outside beam the

noise is reduced by typ. 20to 25 dB

Figure 5: Principle of reducing voice and noise signals from unwanted sources using beam

forming array microphone (array-2S with USB-SA)
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4.3 Human Detection and Tracking

Human detection, tracking and gesture recognition functions realize the vision-based

perceptual mechanisms of the robot required for the physical understanding of important

aspects of user's presence and behaviour in 3D space. Those mechanisms rely on

information extracted by the colour and depth-aware camera mounted on the robot, more

specifically in the frontal part of the head of the platform. The developed functions refer to:

1.
2.
3.
4,

3D human detection and tracking,
3D detection and tracking of hand and fingers,
Gesture recognition,

Face detection

From a user point of view the above listed technical functions enable functional behaviour

and specifications of the robot as follows:

The robot is able to automatically detect a standing or seated user, including the
position of the body and the face of the user, if visible, in 3D space, when she/he is in
the field of view of the head camera. The robot is able then to perform actions
according to specified commands triggered by the user or by an autonomous
behaviour scheme (based on 1. and 4.)

o Search and detect the user in case a relevant command is provided (i.e., call
button) or planned by the behaviour scheme of the robot,

o Upon detection the robot is able to either turn its pose towards the user and
intuitively focus its attention to the user or safely approach the user at her/his
place and initiate interaction/dialogue.

The robot can track user’s position and be aware of her/his activity in 3D space while
being idle or safely follow her/him in the domestic environment, if a relevant
command is provided by the user (based on 1).

The robot can recognize gestures provided by the standing or seated user to trigger
robot commands, while she/he is in the field of view of the head camera. Mid-distance
and close-up interaction gestures are supported either by moving human body arms
and hands or based on gestures of the hands and fingers respectively (based on 2
and 3.).

o The user can initiate the following commands by intuitive and ergonomic

gestures using her/his arms and hands:
= Pick up an object by pointing in 3D space a relevant object position,
= YES/NO answers to confirmation dialogues,
= Call for help (Emergency call initiated by the user),

= Cancel an executed robot task, and
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= Reward the robot.
More details regarding the physical movements of the gestures and the gesture
recognition interface are provided in D2.2 and D5.2.
e The robot can perceive an emergency case when a lying user is detected on the floor
based on visual information acquired by its cameras and automatically call for help

while approaching the user and calm her/him (based on 1 and 4).

Requirements for Human Detection and Tracking

A standing or seated user while moving or staying still can automatically be detected and
tracked by the system, if at least the upper body area (from the torso up to the head
included) is observable by the upper camera of the robot, as illustrated in Figure 6(a). A user

may appear or exit the field of view at will and at a random time.

(a) (b) (c)

Figure 6: lllustration of use cases for (a) skeleton tracking of a standing and seated user, and
(b) and (c) gestures using one or both hands observed by the camera frontally. [Original source of

images http://msdn.microsoft.com]

For efficient and reliable detection and tracking the human body must not be occluded by any
surface of the environment or an object that the user may carry or wear very loose clothes
that heavily affect the physical body structure as observed by the camera. Moreover, it is hot
feasible to detect a lying user covered with a blanket or sheet or a falling user while her
upper body is occluded by other objects. For efficient face detection and tracking the user
must not wear a hat or cap that will cover or occlude its face as seen by the camera.

The range of the human detection and tracking function is limited by the physical limits and
the field of view of the depth-aware cameras that are utilized on HOBBIT. Detection and

tracking of upper body is feasible approximately at a distance between 1.5 meters and 4
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meters to the camera, given the camera pose, see Figure 7. The minimum distance that a
standing human body can be detected and tracked also relies on the height of the human.
Therefore, human observation is not feasible for a user standing, seated or moving out of the
field on view of the camera. A special software module will actively and autonomously move
the head of the robot and its base, to appropriate poses, if applicable, towards centring the
field of view to a detected target that may be the body or the face of the user, in order to fulfil
the described requirement enhancing the performance of the human detection and tracking

functionality.

1 8my6ht

g S
—

<

[ sweet spot

0.4m/1.3ft physical limits
0.8m/2.6ft

2.5m/8.2ft

3m/9.8ft

Figure 7: Vertical (upper image) and horizontal (lower image) field of view of Microsoft Kinect
camera. A standing human body can be observed between 1.2 meters (2.6 feet) and 4.0 meters
(13.1 feet) away from the camera, depending also from the height of the body, while users can
use their hands/arms for gestures at the distance between 0.4 and 3 meters (lower figure),
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while the interval of 0.6 meters to 2.5 meters is the proposed area for optimal interaction based

on gestures. [Original source of images http://msdn.microsoft.com]

Definition of Gesture Recognition

The gesture recognition function is part of the MMUI. However, its functional and technical
requirements rely on human body detection and tracking and hand/finger detection and
tracking, described in this section.

Gesture recognition supports predefined physical actions performed by the users and a
predefined assignment of them to robot commands. We define a gesture recognition
interface for PT2 that supports two levels of interaction based on the distance between the

robot and the user (see D2.2 and D5.2 for details), see also Figure 7.

o Close-up interaction: refers to the set of gestures that rely on hand and finger
detection and tracking for interaction between the user and the robot at a short
distance. That scheme is utilized for most frequent actions such as confirmation
dialogues (Yes/No gestures) and “Cancel a task” command using gestures. It relies
on successful accurate and robust detection and tracking of each or both of the
hands and the fingers.

¢ Mid-range interaction: refers to the set of gestures based on the arm/upper of the
body for interaction at a mid-distance. It relies on successful detection and tracking of
the user’s upper body including the head, thus the requirements described in the

previous section also apply here.

In each of the defined levels of gestural interface, the user must raise each of or both of the
hands at least at the chest height (for a seated or standing user) and move them towards the
camera, in order to perform the desired gesture(s) and move the hand(s) back to the
previous position if no further gesture-based interaction is required. An illustration of these
use cases is provided in Figure 6(b) and (c). There is not predefined duration for each
gesture however the complete physical action for each gesture must be accomplished within
2-4 seconds after the hand(s) have been raised to start it. The hands must not be attached or
posed too close to the main body while performing gestures. The moving speed of the hand
and/or the fingers performing each gesture must be normal/natural speed of physical
movements as if the user case of grasping and object, and must not include too abrupt

movements.

Requirements for Hand/Finger detection and tracking
Hand/finger based gestures for close-up interaction are applicable when the robot

approaches the user or vice versa for gestural interaction. The hands of the user should be
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visible, thus the user must move each or both of them to perform finger-based gestures in
the field of view of the upper robot camera. In that case, the head camera will be tilted
downward to enhance the observing area facilitating the interaction with the user who will not
need to raise his/her hands too high towards the camera. The speed of the hand/finger
movements will be demonstrated to the user while installing the robot in the domestic
environment. The working area for that case is determined by the lower physical limit of the
camera that is 0.4 meters to the upper limit of 3 meters (see Figure 7: Vertical (upper image)
and horizontal (lower image) field of view of Microsoft Kinect camera. A standing human
body can be observed between 1.2 meters (2.6 feet) and 4.0 meters (13.1 feet) away from
the camera, depending also from the height of the body, while users can use their
hands/arms for gestures at the distance between 0.4 and 3 meters (lower figure), while the
interval of 0.6 meters to 2.5 meters is the proposed area for optimal interaction based on
gestures. [Original source of images http:/msdn.microsoft.com]Figure 7), however interaction
between 0.6 to 2.5 meters is recommended for optimal experience and performance of the

gesture recognition interface.

4.4 Object Recognition

The user can teach objects to the HOBBIT system and HOBBIT will search for the objects in
the environment. We specify what type of objects can be found and under which
environmental conditions.

o Object size with a smallest side of 20mm and a surface area larger than 80cm2.
Objects need to be able to be placed on the turntable for learning, which has a
maximum size of 160x160mm.

e The surface properties of the objects are opaque and matte. Glossy parts of the
surface may contain reflections that do not allow object recognition.

e Obijects exhibit one of two distinct object properties: objects either have a textured
surface or have a pronounced shape such as the examples in the Figure 8 below

left (texture) resp. right (shape).
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Figure 8: Required object properties. Left: Cookie box as an example of object with good
texture or pattern with object size of 125x75x75mm. Right: example of object with pronounced

shape properties with an object size of 240x40x85mm.

e Environmental conditions are such that illumination is either:

o Standard day light condition with a minimum of 500Lux
(http://www.arbeitsinspektion.gv.at, European law UNI EN 12464), which is
required to recognise textured objects, or

o Indoor lighting situation with no direct sun light and no light from electric bulbs
with more than 500Lux (equivalent to a cloudy daylight). This condition is also
acceptable if there is no ambient illumination, for example, at night. Under this
condition objects with a pronounced shape can be recognised.

e For recognition it is required that the visible part of the object has a size of at least
80cm? and is pointed towards the robot’s camera when searching for the object.

o For the indoor lighting situation, objects are expected to stand of flat surfaces
and are separated to nearby objects by more than 50mm.

e The search procedure will take into account the furniture in the rooms and look at all
horizontal surfaces between the floor and table height. The search procedure will
furthermore take into account last viewings of the object, typical locations for the
specific object, and may ask the user to indicate a place where to look. Also refer to

“Places for Search Tasks” in the next Section.

www.hobbit-project.eu/ 56/98



http://www.hobbit-project.eu/
http://www.arbeitsinspektion.gv.at/

HOBBIT D1.6 System Specifications

4.5 Localisation and Mapping

Localisation and Mapping will provide to the user and the scenarios given above the
following abilities/functionalities for PT2. Starting from building a map, room names are given
to parts of the map and the user can specify her favourite places within the rooms.
Additionally places for the search operation are stored. All these places are taught in the

initialisation phase with the help of the facilitator.

Structure of User home

For the robot to be able to obtain a map and then navigate (see Section 4.5), the user’s
home must have clear areas that are limited by larger structures that are not moved within
the trial period (rooms). For the robot to move it requires a free flat surface with a width of 70
cm over the height of the robot (125cm). Areas connected with tighter passages may not be
reachable for the robot. The open space of a room should be smaller than five meters. For
localisation to work throughout the user trials, the user should not modify the main furniture

layout of the apartment.

The height of the ceiling where the robot shall move must be higher than that of the robot, i.e.
125 cm. For floor types, see Section 4.1 above (Mobile Platform).

Obstacles are smaller items that move or are moved from time to time. As long as the way of
the robot is not blocked by obstacles, it will be able to move freely in the indicated rooms of

the user’'s home.

Map of the User’'s Home

During the initial set-up of HOBBIT for operation in a new user's apartment, the robot will be
shown around the environment so that an accurate and complete map is built. This task will
be carried out in tele-operation mode by the facilitator. At this time there will be no dynamic
obstacles moving around the apartment and eminent clutter is removed so that a stable
representation of the environment is achieved. Visual feedback from the mapping helps the
facilitator to achieve a final map that is usable by HOBBIT for localization and navigation

purposes.
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Annotation of Room Names

Once the metric map is built and saved, it is possible to open it with an editor (based on the
Qt cross-platform application framework®’) developed so as to add room labels (see Figure
9). The user points out the borders of the rooms and the intended names using a dialogue
box. The facilitator will annotate the rooms. The geometry of the rooms does not have to be
very precise. It is only relevant that a room contains all the places of interest that the user
wants to specify in the next step of the initialization phase. An advantage of this manual
process is that spatial ambiguity is not a problem. It is the user herself who decides how to
partition the environment and problems with state-of-the-art methods for automatic room

partitioning are circumvented.

? RoomLearningTool

Load map

Save room

Reset corners

Delete room

Save file

Quit

Figure 9: Example map and the annotated rooms.

Definition of Places
After the names of the rooms in the apartment have been saved, places of interest are added
to each room. The facilitator will ask the user about specific places of interest. Following the
scenario given above, places will be

e Main sitting place and other sitting places in the living room and other rooms. The

robot will approach from one side so as not to block the way out when the user wants

" Dalheimer, Matthias (January 2002). "Programming with Qt" (2nd ed.). O'Reilly Media. ISBN 978-0-
596-00064-6.
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to stand up. Users will be sitting and they will give directions to the robot until a
satisfactory position is reached.

e Places where call buttons are placed. These places could be the same as the sitting
places learned before and it can be other places, too. A place close to the bed will
also be included.

¢ Places in the kitchen for example next to the kitchen table.

¢ Any other places the user wishes the robot to go to or be called to.

The robot is tele-operated by the facilitator to the places indicated by the user while
localization is performed within the map. The robot is stopped at the places of interest and a
place label is given. The system automatically recognizes the current room and adds the
place to the list of places for this room. The facilitator checks if the room label was identified
correctly.

Places for Search Tasks
The scenario contains two search tasks:

e Search for the user and

e Search for objects.
The facilitator will add places from where to look for the user. A default search position is
required for every room. This default position will be preferably located at the centre of the
room and by all means it must allow for 360° rotations of HOBBIT. Other search positions
complying with this condition may be added as well.
The facilitator will also specify places for searching objects. Search locations must ensure
that the robot covers in a search procedure all surfaces where objects could be placed and
that these surfaces are within the optimal search range where objects are neither too small

nor too large to be recognised.

4.6 Navigation

The navigation abilities/functionalities provided for PT2 will allow for autonomous navigation
between places in suitable user apartments. Criteria for assessing the suitability of
apartments were presented in the previous Section 4.4. This section focuses on navigation
once the map with rooms and places has been created properly. A more detailed description

of the capabilities and task performance to be expected in this regard is given below.
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Autonomous navigation performs the motion between any of the specified places. Depending
on the scenario, the place information is provided either directly by the user (the robot asks
first for a room and then a place in this room) or may be produced by the system, e.g.,

exploiting the pre-defined search places.

Environment condition requirements

The clearance requirements for autonomous navigation are the same as described in

Section 4.5. For floor types, see Section 4.1 above (Mobile Platform).

The user should not modify the main furniture layout of the apartment to keep the place
definitions valid. However, other objects such as chairs and smaller obstacles can be moved.
The obstacles that can be detected by the robot are those objects larger than 500 mm2, a
height of at least 20 mm and a material with a mate or opaque surface. This includes objects
made of wood, stone, plastic, fabric, ceramic and all painted materials. Obstacles of this kind
can be detected as long as they are located at a height between the floor level and the height
of HOBBIT's top camera, i.e., 120 cm. Some examples are protruding table corners, chairs,
stools, cardboard boxes lying on the floor, etc. If at a given point, after several attempts, a
new obstacle is completely blocking the robot path, HOBBIT will ask the user to remove it, as

specified in the scenario description.

4.7 Grasping

HOBBIT will grasp objects primarily from the floor (highest priority), but also from tables,
desks or couches with a-priori unknown heights. Hence the arm position and the trajectory to
reach a grasping position must be calculated dynamically. To achieve this, a kinematic model
of the arm and the gripper is used in a simulation environment. Here obstacles and the target
object are included for collision free path planning and grasp planning. Compared to PT1 the
arm has now an additional degree of freedom (6 DoF for PT2), which make path planning
more flexible and a dynamic calculation more applicable. The exact grasping points are
calculated using a special feature type (height accumulated features) respectively a heuristic,
taking object centre and orientation of the principle axis of the object into account. These
methods are used for grasping unknown objects, as well as grasping known objects, since
pre-calculated grasp points are often unfeasible due to object orientation or obstacles and
our approach turned out to be quite robust in practice. HOBBIT will grasp objects from the

top (on the floor) or from the side if objects are higher up. Example objects for grasping are:
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key with keychain, glasses, handbag, medication, phone, wallet, shoes, cups, napkins and

fruits and other objects falling into the specifications.

Object and Environment Specifications for Grasping

We specify what type of objects can be grasped and under which environmental conditions.

o Obiject size: the smallest side of the object is at least of 20mm and not larger than
100mm, the opening width of the gripper. Objects should be shorter than 30 cm to fit
into the tray of the robot.

o Object weight is up to 5009 for the fully extended arm.

e The surface properties of the objects are opaque and matte. Glossy parts of the
surface may contain reflections that do not allow object recognition. Object surface
properties should be different to the background surface properties, for example with
different colours.

e Environmental conditions are such that illumination is either:

o Indoor lighting situation with no direct sun light and no light from electric bulbs
with more than 500Lux (equivalent to a cloudy daylight). This condition is also
acceptable if there is no ambient illumination, for example, at night.

e Object situation in the environment: The robot with the robot arm needs to be able
to approach the location with the object (enough space to come close enough to
reach the object). There needs to be free space between the robot and the object
such that the robot arm can freely reach towards the object.

4.8 Ambient Assisted Living

The Ambient Assisted Living part builds on the concept of a wireless network already
developed for PT1 and will provide to the user and the scenarios given above the following
abilities/functionalities for PT2:

Call buttons

Wireless self-powered Call Buttons will be installed in several fixed places like kitchen, bed,
sofa etc. by the facilitator on behalf of the user. Each of these places is known by HOBBIT

using its map (see 4.4) and HOBBIT can therefore go to the user upon request.

It is also possible to include a small wireless battery powered call buttons or a personal alarm

button into this concept.

Emergency button in Bathroom
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An Emergency Button will be installed in the bathroom and/or toilet. When the emergency
button is pressed an emergency procedure will be started. The Emergency Button is a
special form of a Call Button for an Emergency scenario under the assumption that HOBBIT
cannot enter the room in which the user, who pressed the button, is in.

Switching on Lights
Switching on lights is important for calling HOBBIT at night. Lights (floor lamps) will be

installed by the facilitator at different places on behalf of the user. These lamps then can be

switched on and off by HOBBIT as part of the scenarios where the robot is called at night.
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5 Failure Considerations

Using the FMEA tables from D1.3, we augmented the scenario as given in Section 0 and in

the Appendix in Section 7.1. In particular the safety-critical issues have been regarded in the

scenarios, emergency cases, cases to pick up objects, the MMUI, navigation, calling the

robot, and reminders. However, there remain cases where the scenario does not go in detail

and these cases need to be considered in the further technical development, such as human

and gesture detection, object learning, and the other remaining cases listed in the tables

below. Hence, we updated the table.

In the tables below, we refer to the scenario whenever a case is treated there. The

classification of FMEA cases remains unchanged as given in the next table.

Table 4: The three values for classifying the effect of failure and its probability in the FMEA.

Effect of failure Probability to occur
3 Safety 3 Often

2 Usability 2 Sometimes

1 Comfort 1 Rarely

Table 5: FMEA for the Multi-Modal User interface (MMUI).

Effect
Command/ of Proba-
Service Potential failure mode failure | bility [Recommended action
NMMUI, Gesture or ASR input not 1 5
general recognised (confidence) See scenario description
MMUI, Sytem does not understand
general spoken/gesture command,
and must enter command via 2 2
keyboard See scenario description
MMUI, Internet connection failure Select appropriate provider. Periodic check of connectivity and
Telephony |(VOIP telephony). WLAN or 3 1 re-establish connection or use alternative. Inform user of
external failure. connection loss (Emergency call not available).
MMUI, Power getting low Power management will tackle this case: user is notified that
Power 3 1 platform needs to charge. If security level is reached, platform
recharges in any case. The Touchscreen PC has extra runtime.
If happening often, consider change of battery.
MMUI, ASR |User speaks same time as Signal to user when ASR is listening. ASR barge-in. Prompt the
Hobbit, so ASR cannot 1 2 user to repeat input and explain. The user can also use the
understand touchscreen or gestures. Check systems that could do both.
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Table 6: FMEA for human observation.
Effect
of Proba-
Function Potential failure mode failure | bility |Recommended action
See scenario description
Robot does not understand a
Gesture performed gesture 5 5
recognition |(recognition confidence value
<0.5)
1)improve human body observation system to support online
y Robot is able to detect change clr_fhum_ar.w_blir.dymudefl E(j[:lartial;nhcrdel prlt:»}filjs]. -
uman
o
. modelling (skeleton-tracking) - i '
localization |, ) , 2 3 |partial body profile).
and ?sfeafsmleﬂdue 0 Dcclgsmns. 3) Move robot and/or head poses to facilitate human body
tracking invalid body pose or distance modelling.
to the platform). ) ) ) )
4) In case of failure, notify user accordingly and request him to
move/change position towards the robot.
Human Human body detection fails 1) Integrate with navigation module to navigate towards to
detection, |while robot is executing a the last known user position and search again for the user.
localization |specific command that 2 2 2) Implement and initiate find-the-user functionality.
and requires human ohservation 3) Motify user accordingly and request him to move/change
tracking tasks. position towards the robot.
Human Head Camera/Sensor failure:
detection, | No visual data from sensor, Robot informs user for limited functionality due to detected
localization |which makes detection, 2 1 error on its vision system.
and localization and tracking Robot contacts service center and request repair.
tracking !WEEES?JE.'EC. ,
HI.IITIEI'II obstructed/non controllable ) o ) )
detection, field of view. Robot informs user for limited functionality due to detected
localization ) ) 2 1 error on its vision system.
and Low quallt.',r or useless visual Robot contacts service center to inform and request repair.
, data acquired.
tracking
Rohot is not able to detect a
human body or face in its
Human field of view at the time a Motify user accordingly and request him to slighlty
detection, |specific command that move/change position towards the robot at a preferable
localization |requires input from human 1 2 |distance. Improve human detection and localization methods.
and detection, localization, Navigate to the last known user position and search for the
tracking tracking function has just user again.
been received via voice or
GUl.
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Table 7: FMEA for Emergency detection and handling.
Effect
Command,/ of Proba-
Service Potential failure mode failure | bility |[Recommended action
Emergency |Emergency not detected at 3 1
detection |all (e.g., fall in bathroom) See scenario description
Emergency |User asks for help, but this is 3 1
detection |not detected See scenario description
Emergency |Communication tothe 3 1
Handling  |outside world failed See scenario description
Emergency |Call does not go through/not 3 5 See scenario description
Handling |answered
Emergency |Call Cleaned up by answer 3 5 See scenario description
Handling service/machine
Emergency |Failure of getting into 5 1
Handling communication with the user See scenario description
Emergency |Communication to relatives 5 1
Handling  |failed See scenario description
Emergency |Avoid accidental emergency 1 5 See scenario description
Handling call
Failure of approaching the
Emergency |user. HOBBIT can not reach 1 2
Handling  |the user See scenario description
Emergency not detected, Improve method of fall detection and lying user detection to
Emergency |because of falling situation 2 2 minimize of false negative detections. HOBBIT searches for the
detection |not detected user every ¥ hours during day time (see above)
User asks for help not
Emergency |detected, because no 1 2
detection |gesture recognized See scenario description
User asks for help not
Emergency |detected, because voice not 1 2 Improve ASR system. Ask user to provide command using
detection |recognized gesture or button.
User asks for help not
Emergency |detected, because no 1 1
detection |hardware button pressed See scenario description
Hobhit gives alarm because
Emergency |user left the flat and the
handling - |robot cannot find the user
false alarm [anymore See scenario description
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Table 8: FMEA for aspects related Learn and bring objects.
Effect
Command/ of Proba-
Service Potential failure mode failure | bility |Recommended action
Learn Emergency case during 3 1 Drop object/turntable into tray or to floor, move arm to
object learning standard position, proceed with emergency procedure
Turntable is not properly
Learn stored in pocket but falls on 3 1 Investigate problem and redesign turntable. Ask the user for
object the floor help
Investigate problem and redesign turntable. Robot resolution:
Pick up the object. Otherwise safety issue for user. Define
3 ! procedure if Pick up not possible after several trials. Ask user to
Bring object|Object falls from tray move ohject near to wall and ask SU to pick it up.
Learn Turning plate falls out of 3 1 Investigate problem and redesign turntable and gripper. Robot
object gripper resolution: ask the user for help
Investigate problem and redesign turntable as well as
Learn 3 1 instructions to the user on how to place the object. Robot
object Object drops during learning resolution: ask the user for help
Learn User does not remove object 3 1 Drop object into tray or to floor and Pick it up and store in tray.
object from the turning plate Put turntable to ist standard position. Ask user again later.
Report "l could not find the object”; First Loop: Dialogue asks
user for a place to search; Second Loop (PT1): "Sorry, | could
Object not found (e.g., mug 2 2 not find it. | will try it better next time." Improve method of
Bring object|or medication| ohject detection and search.
Object cannot be seen on the 5 1
Bring object|tray Diesign issue considered already
Learn HOBBIT moves to another position, possibly further away from
object / Too tight place to unfold the 2 1 user, checks free room. Then robot moves back to user to
Bring object|{arm reach turntable. Consider alternative arm kinematics.
Cannot find user after object 5 1 Search user in every room. If not found, start call user
Bring object|is found procedure.
Object cannot be reached
(too far or blocked by other 2 1 (Telluser: "This is too far, | cannot reach it." If happening
Bring object|ohjects) often, reconsider user requirements and possibly a longer arm.
User must remove object from the tray because robot cannot
grip things from the tray once they are placed there. Robot
Wrong object (can happen 2 1 asks if it should try again. Ask the user to indicate a specific
when objects look very place. Second time robot gives up and stores models for off-line
Bring object|similar) investigation and improvement of detection method.
Object is not on tray when 2 1 Rohot checks the tray before presenting, when the object is
Bring object|robot presents it lost, go back the same trajectory and look for the object.
Learn User does not put object on 5 1 No learning possible, ask user to put it there. If not, stop
object the turning plate learning after some time.
Learn User does not turn the object No need to push the user to turn the object. Then object will
object upside down 1 z only be learned 50%. Repeat to ask the user nicely.
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Table 9: FMEA for aspects related Pick-up objects.

Effect

Command [ of Proba-
Services Potential failure mode failure | bility |Recommended action
Pick up
(user 3 2
stands) Object not grasped See scenario description
Pick up / 3 1
Bring object|Robot spills fluids Water not allowed next to robot for PT2 trials.
Pick up
(user Pointing gesture not 2 2
stands) recognised See scenario description
Pick up
(user 2 2
stands) Location unreachahle See scenario description
Pick up
(user 2 1
stands) Object is too heawy See scenario description
Pick up
(user 2 1
stands) User trembles in pointing Provide method to detect it. Wait to estimate a mean.
Pick up
(user More than one object 1 1  |Take one and go back to user and ask if it is this one (depending
stands) detected if person has good eye sight), possible asks for a yes/no gesture
Pick up
from seated |Pointing gesture not 1 2
user recognised See scenario description
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Table 10: FMEA covering aspects related to Navigation.
Effect
Command/ of Proba-
Service Potential failure mode failure | bility |[Recommended action
Navigation |Robot crashesintoan Bumper responds. Robot backs off. Record event, check why
ohstacle 3 1 ohstacle avoidance did not detect obstacle and improve
methad.
Robot blocks emergency These locations need to be marked by facilitator and robot will
Navigation |exits or ways to toilet, 3 1 avoid these areas in path planning. Add a button such that the
medicaments, etc. robot can be moved manually out of the way.
Navigation |Robot is physically stuck in See scenario description
narrow region, e.g. in 3 1
doorway on door step, and
hlocks way of the user
Cameras Low quality or useless data Robot callls for user and asks him/her to clean the lenses or
obstructed, |from sensor 5 5 remove obstructing object (e.g. a piece of cloth fell on
e.g. by dust camera). If no reaction by user, notify service center.
or dirt
Navigation |Robotis physically stuck in See scenario description
spacious region, e.g. on 2 1
carpet
Navigation |Robotis trapped in narrow See scenario description
space - NOT physically, but 5 1
path planning, cannot plan a
safe path
Self Robot is lost 5 1 See scenario description
Localisation
Fine Fine positioning is not 2 1 See scenario description
Positioning |accurate enough
Sensor No data from sensor, which Robot contacts service center and calls out for user. Obtain
failure makes localisation and 5 1 reliable sensors for the robot.
(odometry, [navigation impossible
cameras)
Navigation |Robot's path towards a See scenario description
destination other than user 1 5
location is blocked and there
is no alternative path
Navigation |Robot's path towards a See scenario description
destination is blocked and 1 1
there is no alternative path
Self Rohot's pose estimate is not Robot corrects pose by means of fine positioning at destination
Localisation |accurate enough 1 2 if required. Improve pose estimation method to fulfil

requirement.
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Table 11: FMEA for Surprise me.
Effect
Command/ of Proba-
Service Potential failure mode failure | bility |Recommended action
Surprise me 1. Count the use of surprise me and have an appropriately
Same file or game is sized database of files and games
repeated too often, so . : 2. Use dialogue to find out about preferred files of the user,
surprise me effect is lost give them higher priority
Surprise me
- action Randomly chosen action does| 2 1
not exist in the database Choose next random file
Surprise me |Provided actions do not fit to 5 5
- action user's preferences Offer possibiilty to change pool of surprise actions
Table 12: FMEA for all other commands.
Effect
Command/ of Proba-
Service Potential failure mode failure | bility |Recommended action
User is not in the field of view
Callrobot  |when HOBBIT reaches the 2 3 See scenario description
place
Reminder |User does not react or See scenario description
Hobhbit busy with higher 2 2
priority task
Incoming  |User not close to Hobbit, See scenario description
call user doesn't hear call or 2 2
Hobbit charging
Play games |Interrupt by incoming call 1 1 Remember that user played a game for after end of call. Offer
to play again.
Call friend |Call does not go through/not 1 1 Remember the call for later offer. If often, make sure technical
answered system is correctly operating.
User is not in the field of view )
) Optional. HOBBIT could ask: Are you here? The
when HOBBIT wants to give ) ] ] ) .
AAL Alarm ) 1 3 window/door is open. If happening often, reconsider options to
the info about an o
i have user localisation system.
open window/door
Robhot did not receive
AAL Sensor message from AAL sensor 5 1 Optional. HOBBIT dues_nt_ﬂ know about the lost message.
(e.g. door/window sensor, or Make sure that transmission protocol allows redundancy.
AL call robot button)
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Table 13: FMEA for risks related to the robot system.
Safety Effect
relevant of Proba-
events Potential failure mode failure | bility |Recommended action
Robots needs to be certified according to standards (150
Platform 13482); the design of the robot needs to take into account that
Robot falls over 3 1 the user cannot hold onto the robot to tilt it.
Platform 3 5 Change design of bumpers and consider placement of more
Rohot drives over foot of user sensors. Platform needs to be certified according to standards.
Arm Crushing fingers or other 3 1
part of the human body Arm needs to be certified according to standard (150 13482).
Arm needs to be certified according to standard (150 13482).
During motion the arm has to be in a position of rest close to
Arm s ! Hobbits "body”. The design of the robot needs to take this into
Impact during motion account.
Robot 3 1 These events will be logged and sent to he external watchdog
System Rohot becomes too hot during normal activity. The facilitator has to act accordingly.
Robot One of the modules is not 3 1 These events will be logged and sent to he external watchdog
system working during normal activity. The facilitator has to act accordingly.
Energy
Manage- 3 1 These events will be logged and sent to he external watchdog
ment Batterie fails during normal activity. The facilitator has to act accordingly.
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6 Summary

This additional document for the HOBBIT project complies to recommendations 1 and 4 of
the review report. It gives the specification of PT 2 following the needs of elderly persons, the
design and functionalities of PT2 and their detailed specification, and the presentation of the
features of Mutual Care implemented on PT2.

Additionally to these recommendations, we start from the objective of the PT2 trials with
HOBBIT and describe in Section 2 the plan for evaluating the performance of the robot,
which is essential to reach the project objectives. To this end we propose a multi-informant
approach to cope with potential biases typically found when evaluating systems with older

persons.

We then specify the intended Human-Robot interactions in Section 3. The core of the HRI is
to study the Mutual Care approach. For this we first give the scenario details, which specify
how the robot will specifically respond to the needs of older persons in terms as actions the
robot takes. Regarding the Mutual Care approach, we present and explain the full features of
Mutual Care that will be implemented on PT2. This responds to recommendation 4 of the

review report.

Derived from the full description of elderly needs attended by the system (user requirements
in D1.2, scenarios and the Mutual Care requirements of this document), we then present in
Section 4 in details the complete design of PT2 and its full set of abilities/functionalities. This
responds to recommendation 1 of the review report.

In summary, the HOBBIT PT2 robot will respond to a sum of 49 user requirements (D1.2;
high priority: 31, medium priority: 14, low priority: 4), delivering by far the most complex
service robot developed so far for “tests in wild”, the homes of users. Additionally, two more

user requirements (high priority) will be tested in laboratory trials.
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7 Appendix

7.1 Appendix: Scenarios for PT2

Scenario [Trigger Command/ | Description Potential Recommended Action
Service failure risks
l. User wants |e AAL: call Call buttons are installed in several places in the flat -sofa, | 1. HOBBIT does | Ad 1. User has to push the call button again.
Call HOBBIT to button kitchen, bed. (For the emergency buttons in the bathroom not react 1.1.If the call button still does not work, the user has
HOBBIT [approach and the toilet, see Il d.) After user pushes the call button, to choose another possibility to call HOBBIT, e.g.
him/her. ) HOBBIT says “Yes [user name], | am coming” and moves to | 2. HOBBIT call "HOBBIT" or "help" with voice if HOBBIT is in
* Voice. | the user. HOBBIT asks “What can | do for you [name of doesn’t find the same room as user.
%j‘;ﬁ user]?” gziirtiztnca” button — Multi modal solution
"HOBBIT"

If task is performed

HOBBIT asks “Can | do something else for you?”
(standardised last question in each user-robot
communication/ interaction)

If “call” is used at night, HOBBIT activates night lights if it is
dark while moving to user (AAL) to indicate that HOBBIT

3. Navigation
does not work
(e.g. Obstacles or
closed doors
block HOBBIT’s
way, defect vision

1.2.If HOBBIT still does not react:

— Technical emergency procedure:

Info on external watchdog - regular check-up 5
times a day (times TBD) — technical solutions

and site/facilitator (AAF, FORTH, LUND) has to

contact the user

has recognised the call and to provide safety feeling. system, bad Ad 2. HOBBIT has to react as follows:
.Night“ is defined as: User has pressed the ,Break” and the | lighting 2.1. — User search procedure:
“Go to bed” button (“Sleeping” mode is active). Or HOBBIT | conditions) HOBBIT searches room by room (following its
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has been set to “Sleeping” mode automatically depending
on the user-defined night time.

— A “Call” starts the awake mode. If awake mode is started
during user defined night or sleeping time HOBBIT switches
back to sleeping mode and moves back to charging station
autonomously

4, HOBBIT
recognizes the
user, but user
does not answer

5. User input
unintentional

internal map, starting in the current room) and
calls for the user once in each room.

If the user still could not be found HOBBIT
starts the following procedure:

2.2. — Call user procedure:
HOBBIT moves to the living room and calls
for the user 3 times (each 15 seconds) with
increasing speech output volume level
(normal volume, higher volume and highest
volume). HOBBIT waits for 5 minutes and
asks 3 more times (interval of 15 seconds)
with loudest speech volume level. If no
reaction from user (user input missing),
HOBBIT starts the “User not detected”_
emergency call — see below:

Three different sound files (to be recorded
beforehand) for three different emergencies:

o User-initiated emergency call:
User is there for a dialogue
— Sound file message: “This is an emergency
call from HOBBIT a service robot. Please press
# and talk to the user”

¢ HOBBIT-initiated emergency call:
User not detected“-Monologue.
— Sound file message: “This is an emergency
call from HOBBIT a service robot. | cannot find
my user [name] living at [address]. Please press
# and try to contact the user”

o ,HOBBIT-initiated emergency call: User
detected but not responding“-Monologue.
— Sound file message: “This is an emergency
call from HOBBIT a service robot. | have found
my user [name] living at [address] but the user
does not respond. Please press # and try to
contact the user”
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Ad 3. HOBBIT tries to find another route. If way is
still blocked:

— Call user_procedure:

See Recommended Action 1-2.2.

If still no reaction from user, HOBBIT starts the “User
not detected” emergency call.

Ad 4. — Call user_procedure:

See Recommended Action [-2.2.
If still no reaction from user, HOBBIT starts the “User
detected but not responding“ emergency call.

Even if the user doesn’t answer, the calming dialogue
is active during the wait, that means after a
successful call when a helping person is informed.

Ad 5. HOBBIT comes to the user. In this case the
user can send HOBBIT back (to the docking station
or to a waiting position in that room — depends on the
social level) by using ‘Go to’-button/voice command
OR ‘Go recharge’-button/voice command.

REQUIREMENT: User should leave all doors open,
so that HOBBIT is able to detect the user when
he/she calls.

Il.
Emergen

cy

a) User-
initiated
emergency
call

e \oice

command:

“Help”

e Help
gesture

e “Help’-
button on
the touch
screen

If voice or gesture command, HOBBIT searches the user

and stops close to the user. HOBBIT asks "Do you need

help?"

e |f the user says/pushes/gestures “Yes”, HOBBIT starts
the “User-initiated“ emergency call.

A list of predefined numbers (in Austria members of AAF, in
Sweden members of ULUND and in Greece members of
FORTH) is called.

HOBBIT calms the user during the wait, that means after a

1. HOBBIT does
not react

2. HOBBIT does

not find the user.

3. Navigation
does not work

4, HOBBIT
recognizes the

Ad 1. — Multi modal solution:
See Recommended Action I-1.1.
— Technical emergency procedure:
See Recommended Action I-1.2.

Ad 2. See Recommended Action | -2.

Ad 3. See Recommended Action | -3.

Ad 4. See Recommended Action | -4.
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(HOBBIT successful call when a helping person is informed. user, but user Ad 5. HOBBIT informs user that phone call could not
already does not answer. | be established.
next to the | If HOBBIT does not reach the first stored number (AAF, — Technical emergency procedure:
user) ULUND, FORTH), it continues with the next pre-stored 5. Phone See Recommended Action 1-1.2.

number (AAF, ULUND, FORTH). If the second one could connection
User lies not bg reached HOBBIT continues with a third number - SU | technically not Ad 6. — Technical emergency procedure:
on the floor | (relative) . working See Recommended Action I-1.2.
(HOBBIT Persons w_ho could not be reached_also can see that
already HOBBIT tried to reach them on their phones (missed call). 6. Calming Ad 7. The user can say “NO” to the question “Do you
next to the o ) _ dialogue (as any need help?” and “NO” to the following question “Can |
user) and | If emergency scenario is used at night, HOBBIT activates other dialog) does | do something else for you?” with a possibility to send
pushes the night lights (while moving to user). See Description | not work because | HOBBIT back.
emergency of technical See Recommended Action I-5.
hardware e |f the User says/pushes/gestures “NO”, HOBBIT asks problems
button “Can | do something else for you?” (standardised last

question in each user-robot communication/interaction) | 7. User says
"help"
REQUIREMENT: The user should leave all doors open, so unin?entionally
HOBBIT is able to detect the user in an emergency case.
b) Robot e Autonomo | User is at home: 1. HOBBIT does Ad 1. — Call user procedure:
patrolling us robot In case there is no interaction between user and HOBBIT not find the user See Recommended Action 1-2.2.

behaviour: | for 3 hours, the robot patrols, but not when the user is away
no from home or asleep (respective button activated — see 2. Navigation Ad 2. See Recommended Action I-3
command | scenario XIV). does not work

HOBBIT searches the user in the flat (following user

search procedure: See Recommended Action | -2.1.).

When HOBBIT detects the user, HOBBIT asks “Can | do

anything for you, [user's name]?”.

o [f the user says “No”, HOBBIT shows the main menu so
the user could have e.g. some entertainment or send
HOBBIT back to the charging station.

Time count until next patrol is reset to 0.

o |f the user says “Yes”, HOBBIT displays a very happy
face and says “What can | do for you?” and shows the

3. HOBBIT
recognises the
user, but the user
does not answer
(e.g. user
unconscious)

4, HOBBIT does
not find the user,
because user is
not at home: User
forgot to activate
the "Break" button

Ad 3. See Recommended Action | -4.

Ad 4. If the user forgets to inform HOBBIT about a
break (“Break”- button or voice command), HOBBIT
begins to patrol after 3 hours without interaction (if
not the standard good night time set by the user in
the initialisation phase or the predefined nap time set
by the user before sleeping has been reached).

If HOBBIT doesn't find the user:

See Recommended Action 1-2.2

(— false alarm!)

Ad 5. If the user forgets to inform HOBBIT (“Break”-
button or voice command and entering preferred

www.hobbit-project.eu/

75/98



http://www.hobbit-project.eu/

HOBBIT D1.6 System Specifications
main menu where the user can start the action required. | (Sleeping or timeframe) that he/she goes sleeping (and the
If task is performed HOBBIT asks “Can | do something outside) standard good night time has not been reached)
else for you?” (standardised last question in each user- HOBBIT will patrol after 3 hours without interaction.
robot communication/ interaction) 5. User takes a In worst case the user will be woken up or HOBBIT
nap (sleeping) then starts emergency call because user has not
As soon as an interaction takes place, time count until next | and has forgotten | been found:
patrol is reset to 0. to activate See Recommended Action 1-2.2
"Break’/"Goto | (— false alarm)
User is not at home: bed”-button or
Before the user leaves home the user presses the "Break" use voice Ad 6. In the morning HOBBIT will search the user at
button or use voice command “Break” and is asked how command the latest “wake up” time.
long he/she is going to be away. “Break”/”Good Before a nap the user is asked how long he/she is
During this time no patrolling occurs. Once this time has night” going to sleep. Once this time has exceeded HOBBT
exceeded HOBBT patrols again. will search the user.
6. After sleeping
user forgot to
activate the
“Hello/Good
morning "button
(thus HOBBIT still
acts as if user
was sleeping).
c) Useris |e Autonomous | HOBBIT observes a user falling: 1. HOBBIT does | Ad 1. User needs to initiate emergency call by other
falling in robot not react means, e.g. voice command “Help” or emergency
front of reaction HOBBIT stops any on-going task-command being automatically hardware button
HOBBIT executed. — Multi modal solution:
(gesture 2. Navigation See Recommended Action I-1.1.

recognition)

HOBBIT approaches the fallen user appropriately — see
Description lla.

HOBBIT asks: “Do you need help?”

o |f the User says/pushes/gestures “Yes”, HOBBIT starts
the emergency call.

During the wait (after a successful call, when a helping
person is informed) HOBBIT calms the user.

e If the User says/pushes/gestures “NO”, HOBBIT asks

does not work

3. HOBBIT
recognises the
user, but the user
does not answer
(e.g. user
unconscious)

4. Phone
connection not

— Technical emergency procedure:
See Recommended Action I-1.2.

Ad 2. See Recommended Action I-3

Ad 3. See Recommended Action | -4.

Ad 4. See Recommended Action lla-5
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“Can | do something else for you?” (standardised last working
guestion in each user-robot communication/interaction)
d) AAL One emergency button is installed in the bathroom and one | 1. HOBBIT does | Ad 1. — Technical emergency procedure:
Emergency button in in the toilet. After user pushes one of the emergency not react on See Recommended Action 1-1.2.
button in bathroom | buttons, HOBBIT says “Yes, | am coming” and moves to the | emergency button
bathroom or is pressed | door of the appropriate room and asks “Do you need help” Ad 2. See Recommended Action I-3
toilet is three times at maximum speech output volume. 2. Navigation
pressed does not work Ad 3. After 30 minutes without user interaction we
If no reaction from user: — Call user procedure — See start recommended Action lla-5. The external
Recommended Action [-2.2. 3. Phone watchdog will react on the missing connection
connection between HOBBIT and the watchdog.
technically not
working
. As part of HOBBIT On 2™ day of PT2 trials (appointment which is set together | 1. User always Ad 1. This needs to be avoided. Generally, the
Safety 1* trial week reminds with PU on 1* day of trials), HOBBIT searches the user and | chooses “No” research team should clarify before the trial that the
check user of asks the user to complete a safety check for fall prevention | when asked to do | safety check is an important part of the trial that
pre-stored | together by saying/writing: “I would like to inform you about | the safety check cannot be skipped.
safety issues for your safety at home.” This safety check will be
check predefined in Google calendar as a fixed appointment. 2. Navigation HOBBIT will remind the user to do the safety check
date does not work each 15 minutes. After the third reminder, HOBBIT

The user has to confirm with “Yes” or “No” (voice, gesture

or MMUI input).

e |f user confirmed with “Yes” then HOBBIT starts asking
the user some safety questions (predefined) and moves

3. User does not
follow HOBBIT/
does not confirm

informs the user why the check is so important and
could add “If you do this with me now, | won’t be
troublesome later” and display a wink.

If need be, the safety check can also be done

afterwards through each room of the flat and the user questions together with an SU or expert from the research
has to follow (following HOBBIT's internal map of the team.
environment).
e If user “says No” HOBBIT repeats searching the user Ad 2. See Recommended Action I-3
every 15 minutes to remind him/her again until user
confirmed with “Yes” and safety check has been Ad 3. — Call user procedure:
completed. See Recommended Action 1-2.2.
If user is still not willed to perform the safety check the If still no reaction from user, HOBBIT starts the “User
hole day there will be a reminder next day same time. If detected but not responding“ emergency call.
still not performed (recognised per watchdog) the
facilitator has to call the user to emphasize the necessity.
When arriving in a room, HOBBIT first looks for the user to
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make sure he/she is still present.

HOBBIT then displays safety issues (according to stored
safety check list) for each room and asks user to check
each point. “We are in room X. Please read the list of safety
risks on my display and confirm, if you have checked each
safety risk.”

User needs to confirm that this has been done by
saying/pressing ‘Okay’.

If user input is missing: — Call user procedure:

See Recommended Action 1-2.2.

If still no reaction from user, HOBBIT starts the “User
detected but not responding“ emergency call.

The safety check needs to be completed in one go (for
PT2) and cannot be interrupted (except for emergency calll)

If safety check is performed

HOBBIT asks “Can | do something else for you?”
(standardised last question in each user-robot
communication/ interaction)

REQUIREMENTS: All doors must be open for HOBBIT to
reach each room of the flat.

V.

Pick up

User
detects

(U nknOW ObjeCt on

n) object

floor.

e \oice

command +

Gesture

® Touch
screen +
Gesture
(user points
at object)

User presses the icon on touch screen or says voice
command “Pick up” and then points at the object within 2-3
meters of user.

HOBBIT grasps the object.

HOBBIT puts the object on the tray.

HOBBIT is happy to help the user and shows happy face.
HOBBIT returns to the user and asks to remove the objects.

HOBBIT asks “Can | do something else for you?”

1. HOBBIT does
not react

2. HOBBIT does
not understand
the gesture

3. HOBBIT
doesn’t find the
objects on the
floor

4. HOBBIT cannot

Ad 1. — Multi modal solution:
See Recommended Action I-1.1.
— Technical emergency procedure:
See Recommended Action I-1.2.

Ad 2. User has to make gesture from a different
position: HOBBIT asks the user “Unfortunately, |
cannot see your pointing gesture, could you please
point at the object from a different position?”

If still not recognised, HOBBIT says “Sorry, I'm not
able to see where you are pointing”

— Technical emergency procedure:

See Recommended Action 1-1.2.
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(standardised last question in each user-robot grasp the objects. | HOBBIT asks “Can | do something else for you?”
communication/ interaction) (standardised last question in each user-robot
5. Object is too communication/ interaction)
large/ too heavy
Ad 3. HOBBIT says “Unfortunately, | cannot find the
6. Navigation object you point at. | have to move to a better
failed position. Please point to the object again.”
If still not recognised See V-2
Ad 4. HOBBIT turns to the user and reports that it
has been unable to grasp the object. HOBBIT then
asks “Shall | try it again?” If user chooses “No”,
HOBBIT suggests the user should try to remove the
object or carefully put it on the side (with his/her feet).
Ad 5. See Recommended Action IV-4
Ad 6. See Recommended Action |-3
V. a) HOBBIT o Autonomous | HOBBIT automatically patrols the flat for objects on the 1. HOBBIT does Ad 1. If user notices this, he/she should call technical
Clear clears floor | operation floor twice a day (at 11 AM and 6 PM following the internal not find the support.
floor autonomous map of the environment). objects on floor.
(unknow ly Ad 2. HOBBIT returns to user and reports: Hello
n HOBBIT detects object in the middle of the room and clears | 2. HOBBIT is not | [name of user], unfortunately | have been unable to
objects) the floor independently. able to grasp the grasp an object in room X. Please try to remove the
object object or carefully put it with your feet on the side for
HOBBIT grasps the object your safety.”
3. Navigation
HOBBIT puts the Object onto the tray does not work Ad 3. See Recommended Action I-3
HOBBIT moves to the user and informs him/her that it has | 4- USerhas | Ad 4. No autonomous “Clear floor” until “Back home/
cleared the floor and asks the user to empty the tray pressed "Break Awake-button is activated.
(except at sleeping and away modes: HOBBIT keeps the
objects on its tray and returns to docking station).
VI. a) User e \/oice Procedure like in PT1 (improvements regarding dialogues 1. HOBBIT does Ad 1. — Multi modal solution:
User teaches command required) not react See Recommended Action 1-1.1.
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teaches |[system a — Technical emergency procedure:
system [new object |J Touch 2. Hardware See Recommended Action 1-1.2.
screen: failures
“Learn (gripper/turntable) | Ad 2.
object” 2.1. User has to call technical support immediately
2.2. — Technical emergency procedure:
° Gesture See Recommended Action I-1.2.
b) HOBBIT |e Has to be During the initialisation phase user enters preferred: 1.HOBBIT does Ad 1. — Multi modal solution:
learns about| defined per | e Sleeping time not react See Recommended Action I-1.1.
user’s user. e Robot location — Technical emergency procedure:
behaviour Preferences ) See Recommended Action I-1.2.
an hasto be | ® Personal objects
preferences| entered e Medication that is needed to take
(during the e Social role
m% e Pro-activity level
gnquq) e Return of favour
VII. User looks e \/gice User says "Bring me Object X" OR presses respective 1. HOBBIT does Ad 1. — Multi modal solution:
Bring meffor an object command touch screen icon. not react See Recommended Action I-1.1.
(known) [the robot — Technical emergency procedure:
objects [1as leamed.|/ Touch HOBBIT is happy to help the user and displays happy face. | 2. HOBBIT does See Recommended Action I-1.2.
p——— not find the object
screen: _ ) ) )
“Bring me X* | HOBBIT searches for object, finds it, puts it on the tray and Ad 2. HOBBIT returns to the user and asks ones for

brings it to the user

3. HOBBIT cannot
grasp the object

4, HOBBIT does
not find the user
when returning

5. Navigation
does not work

help for searching (MuC dialogue).

Ad 3. HOBBIT returns to user and reports: Hello
[name of user], unfortunately | have been unable to
grasp an object in room X. So search was successful
and user could fetch the object by him/herself.
HOBBIT asks “Can | do something else for you?”
(standardised last question in each user-robot
communication/ interaction)

Ad 4. See Recommended Action I-2.

Ad 5. See Recommended Action -3
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e - |f user chooses “Yes”, HOBBIT displays all Google
calendar appointment dates for the next day (NO

reminder for category “drinking”, “medication” and
“contact a person”).

e When the user says “Good morning” or activates the
appropriate button or the maximum get up time, set by
user, has been reached, HOBBIT asks if the user wants
to be reminded and if “yes” delivers reminders for all
reminder categories for the day (except for “contact a
person”).

At the end of reminding user has to confirm!

REMINDER CATEGORIES:

2.User is to be

reminded, but
user is not at
home

3.User is not at

home or
sleeping and
forgot to
activate “Break
button or use
voice command
“Break

4.User does not

HOBBIT D1.6 System Specifications
VIII. a) User e Touch User enters dates into Google calendar 1.HOBBIT does Ad 1. — Technical emergency procedure:
Reminde lenters dates screen: not react See Recommended Action 1-1.2.
r (Google Calendar | When the user activates the "Break” button or uses voice (Internet not
calendar) command “Break” and chooses the “Go to bed” button or working, no Ad 2. No reminder during that time
uses voice command “Good night” and then “Until morning”, reminder — See scenario XllI
HOBBIT asks the user, if he/she wants to be reminded of because of
dates (appointments and safety check) for the next day technical Ad 3. HOBBIT will start looking for the user
now. User confirms with --> “Yes”, “No”. failure)

— User search procedure:
See Recommended Action [-2.
HOBBIT could wake up the user.

e [f HOBBIT finds the user: HOBBIT follows
reminder process

e [f HOBBIT does not find the user: No reminder
performed., HOBBIT starts the “User not
detected”_emergency call - see Recommended
Action 1-2.2.

Ad 4. — Call user procedure:
See Recommended Action [-2.2.

e Reminder appointments: confirm
Category 1:
- Repeated
- In the evening before
- Inthe morning
Delivered in spoken and written form by HOBBIT in the
evening (as described above) and in the morning, when
user activates ‘Awake-button or uses voice command
“Good morning” or time that has been set as ‘getting up
time’ has been reached (see also XIV). User has to
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confirm.

e Reminder medication:
Category 2:
- Repeated
- Inthe morning
- Atreminding time as set by the user

Delivered in spoken and written form by HOBBIT in the
morning and displayed on screen at the time the
medication should be taken by the user. HOBBIT says:
“Hello, you asked me to remind you of your medication. It
is time for that now.” User has to confirm.

e Reminder drinking:
Category 2

Once in the morning. During the day together with
medication reminder.
User has to confirm

e Safety Check:
Category 3:

- Once

- In the evening before

- At predefined time
Delivered in spoken and written form by HOBBIT in the
evening (as described above) and in the morning, as well
as directly when the safety check is set to be done. The
user has to confirm.

REQUIREMENT: For PT2 trials, internet should be made
available for all users!

IX.
Stand up

a) HOBBIT
detects the

e Autonomo

us robot

HOBBIT comes to the user and asks: “Do you need help?”

1. HOBBIT does
not react

1. — Technical emergency procedure:
See Recommended Action [-1.2.
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from user on the behaviour | e |f user answers “Yes” — emergency call, see Il
floor floor while o If user answers “No”, he/she then needs to use voice 2. Navigation 2. See Recommended Action I-3.
(Lab patrolling. command “Rise from floor” does not work
trials) 3. See Recommended Action | -4.
3. User does not
answer. 4. If no help is needed, user can send HOBBIT away
by answering “No” to the question “Do you need
4. Useris on floor | help?” and then using the command “Go to” or “Go
deliberately recharging”.
without a
problem/misinterp
retation of
HOBBIT.
b) User calls| ¢ v/gice HOBBIT asks: “Did you fall? Are you okay? Do you feel 1. HOBBIT does | Ad 1. — Multi modal solution:
HOBBIT command: | dizzy? Would you like some water before you rise up?” not react See Recommended Action I-1.1.
while sitting "Rise from | Each question needs to be confirmed by user with either — Technical emergency procedure:
on floor floor" “Yes” or “No”. 2. HOBBIT does See Recommended Action I-1.2.

If question “Are you okay” is answered with “No” HOBBIT
asks “Do you need help?” — If “Yes” [1 Emergency call, see
.

If question “Are you okay” is answered with “Yes” HOBBIT
then brings the chair to the user and gives instructions how
to probe up on the chair.

During the instructions, HOBBIT asks if the user is okay
and has enough energy. User has to confirm verbally.

When the user sits on the chair, HOBBIT offers to bring
water again (“Yes” or “No”-confirmation) and asks to call a
contact person (“Yes” [ phone connection is established).

If question “Did you fall?” is answered with “Yes” HOBBIT
asks periodically (each 30 minutes) if everything is okay
during the next 2 hours.

not find the user

3. Navigation
does not work

4, User does not
answer

5. HOBBIT places
chair in wrong
position.

6. HOBBIT is
unable to grasp
chair

7. HOBBIT cannot
find chair.

Ad 2. See Recommended Action I-2.

Ad 3. See Recommended Action I-3.
Ad 4. See Recommended Action I-4.

Ad 5. User can try to fetch chair him/herself. If not
working, user has to start emergency call — See Il

Ad 6. HOBBIT returns to user and reports that it
could not bring the chair. It then asks, if user would
like to call someone for help — See Il

Ad 7. HOBBIT returns to user and asks for help with
finding the chair. — Mutual Care dialogue ‘Search
with failure’.
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REQUIREMENTS: closed water bottles are to be frequently
prepared in HOBBIT’s bottle holder (e.g. by PU or SU).
X. a) User ® \oice HOBBIT helps the user to stand up from the sitting position. | 1. HOBBIT does Ad 1. — Multi modal solution:
Stand up [wants to get command: HOBBIT takes support position. User supports himself on not react See Recommended Action I-1.1.
from up from “Rise from HOBBIT to stand up from chair (design solution). — Technical emergency procedure:
sitting chair or bed | chair” 2. HOBBIT is too See Recommended Action 1-1.2.
position far away for the
(Lab e Touch user to get up Ad 2. Should not happen: For 'Fhis comr_nand, N
trials) screen: HOBBIT comes closer to user in predefined position.
“Rise from 3. User cannot
chair” get up despite Ad 3. User needs to find other alternatives, e.qg.
HOBBIT’s support | emergency call - see Il.
XI. User has * \oice User puts objects on the tray and gives command "Go to" or | 1. HOBBIT does Ad 1. — Multi modal solution:
Transpor|objects that command: | “Follow me” via voice or touch screen not react See Recommended Action I-1.1.
t objects [are either “Go to” or — Technical emergency procedure:
too heavy “Follow 2. HOBBIT does See Recommended Action [-1.2
for him/her me” not know the
or would place to go to. Ad 2. - User needs to teach place to HOBBIT — see
mak_e‘ e Touch Via
moving screen: 3. The object is - OR use ‘Follow me’-option
dangerous. :‘Go to’ or to0 heavy.
Follow Ad 3. See Recommended Action V-4
User can me 4. Navigation To avoid putting too much weight on HOBBIT, users
pgt these does not work need to be informed about the maximum carrying
objects O,n weight of the robot before the trials. Additionally, an
HOBBIT's info-sticker with the exact weight limits is to be
tray and can 5. HOBBIT |OS€S ttached HOBBIT,
send or lead the ObjeCt dUring attac e to S tray .
HOBBIT to transport Also size has to be considered, because vision
. system could not work.
a specified
position. Ad 4. See Recommended Action I-3.
Ad 5. User has to cancel HOBBIT’s route by using
voice command or gesture “Stop!”. Then user first
asks HOBBIT to pick up the object and then repeats
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the command.
XIl. a) HOBBIT | e Autonomo | If battery level has decreased to a certain level (defined by | 1. User does not | Ad 1. — Multi modal solution:
Rechargiautonomous us robot MLAB) HOBBIT searches the user and shows a tired face answer/react See Recommended Action I-1.1.
ng ly reports behaviour | and tells user: “I am getting a bit tired. Can | relax for a — Technical emergency procedure:
scenario [that its while now?” User has to confirm with “Yes” or “No”. 2. HOBBIT’s See Recommended Action 1-1.2
battery level e If user chooses “Yes”, HOBBIT returns to docking station | autonomous
is low to recharge. energy Ad 2. — Technical emergency procedure:
If user chooses “No”, HOBBIT will search the user again, management fails See Recommended Action [-1.2.
when battery level has gone down a bit more (defined by due to technical
MLAB) HOBBIT says/writes: “l am very tired now and need | failures. Ad 3. See Recommended Action 1-3
a rest so that | can help you better again.” HOBBIT then
autonomously returns to docking station to recharge. 3. Navigation Ad 4. — Technical emergency procedure:
does not work See Recommended Action I-1.2.
4. HOBBIT does
not find docking
station
b) User ¢ Voice The user also has the possibility to let HOBBIT go 1. HOBBIT does Ad 1. — Multi modal solution:
sends command: | recharging by: not react See Recommended Action I-1.1.
HOBBIT to .Recharge | - using the touch screen button ‘Recharge’ — Technical emergency procedure:
docking “ - or voice command “Recharge”. 2. HOBBIT does See Recommended Action [-1.2
station not find the
e Touch HOBBIT will then return to the docking station until it is docking station Ad 2. — Technical emergency procedure:
screen: either fully recharged OR has to fulfil a time-based task (i.e. See Recommended Action 1-1.2.
,Recharge | patrolling, reminder...). 3. Navigation
’ does not work Ad 3. See Recommended Action |-3
XIII. User needs | e Touch One button:
User to go away screen. e User can tell HOBBIT not to patrol and search for the
goes or does not ‘Break’_ user when the user is not at home or asleep. This will
away want to be reduce false alarms when HOBBIT does not detect the
from disturbed by user for 3 hours because the user is out or asleep.
robot
home or
to sleep When the user presses the Break-button:
A submenu when the user presses the “Break” button:
“Where are you going?” Two buttons: “Going out” (voice
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e \oice

command:

“Goodbye”
OR “Good
night”

command: “Goodbye”) and “Going to bed” (voice command:
“Good night”). These commands start two similar scripts
just with different reminders and wordings from HOBBIT.
User has to choose one of the two possibilities [ then next
sub-menu:

If Sleeping: For how long will you be sleeping? 1 hour, 2
hours, 4 hours, 6 hours, until morning.

If Away: For how long will you be away? 1 hour, 2 hours, 4
hours, 6 hours, until sleeping time, until morning.

If “until morning”, Dialogue:

If Sleeping: Do you want me to remind you now about
tomorrow’s activities (from the categories “Appointments”
and “Saftey check”)? Yes, No

If Away (=sleeping): Do you want me to remind you now
about tomorrow’s activities? Yes, No

If “Yes”: HOBBIT tells the user about tomorrow’s activities.

Then: Dialogue:
If Sleeping: “Do you want me to remind you what to switch
off at home?’(] Yes, No

If ”Yes”: Switch off the oven! “OK” button.
If Away: Do you want me to remind you what to switch off at
home? — Yes, No

If ”Yes”: Switch off the oven! “OK” button. Close all
windows! “OK” button. Bring your keys! “OK” button.

Then: Information text+voice (No OK button, because
HOBBIT will go to the charging station even if the user does
not press OK):

If Sleeping: Have a good sleep [user’'s name]! | am going to
relax in the charging station. Tell me when you are up
again.

If Away: Goodbye [user's name]! | am going to relax in the
charging station. Tell me when you are back home again.

Then: Waiting for the user in the charging station — Menu
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is displayed:

If Sleeping: “I'm relaxing. Tell me when you are up again” —
just one “Good morning” button (plus the SOS button)

If Away: “I'm relaxing. Tell me when you are back home
again” — just one “Hello” button (plus the SOS button)

Keep the waiting screen until the user presses “Good

¢ Voice morning” or “Hello” button:
command: | When the user presses the “Good morning” or “Hello”
“Hello” OR | button (No other buttons to press, except the SOS button):
“Good Dialogue:
morning” If Sleeping: Good morning [user's name]! Do you want me
to remind you now of today’s activities? Yes, No
If Away: Hello [user's name]! Do you want me to remind you
now of today’s activities? Yes, No
If “Yes”: HOBBIT tells the user about today’s activities (all
reminder categories).
Then show the Main menu.
REQUIREMENTS: Usual sleeping time of user and latest
time when user gets up in the morning are to be set in
initialisation dialogue.
X1V, User wants | e Voice This is an interactive application in which the robot instructs | 1. HOBBIT does Ad 1. — Multi modal solution:
Fitness [to do some command: | the user to do some physical exercises and can interact not react See Recommended Action I-1.1.
exercises “Fitness” with the user to inform about his or her progress on each — Technical emergency procedure:
with the one, using either images or video. 2. Navigation See Recommended Action [-1.2
robot. e Touch does not work
screen: The robot needs to step back a bit to have a safe distance (HOBBIT cannot Ad 2. HOBBIT asks the user to remove obstacles. If
Entertain from the user and to be able to recognize the user’s step back due to the user does not comply, the task is aborted and
ment/Fitne | movements during the exercises. obstacles) HOBBIT asks “Can | do something else for you?”
Ss option (standardised last question in each user-robot
communication/ interaction)
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7.2 Appendix: List of technical Specifications of PT2

Weight  Total Total
of one net gross Responsible
Component | Amount Subcomponent Exact denomination Dimensions [inm] compon weight Payload weight Position requirements Energy consumption CAD availabld partner
Width  Depth | Height [ke] [ke] [ke] [ke] Voltage Amp avg.Amp pealies/nile format
Robot base yes STEP |METRA
1|Base plate MP1 (WeRaob) 399 450 6 7 7 7|base plate of the platform yes STEP
wheels are 306 mm separated from
1| Driving wheel 30 200 1 1 1|each other yes STEP
1| Driving wheel 30 200 1 1 1|in axis with gearbox of motor group yes STEP
220 resp. 268 mm from driving wheel
1|Castor wheel 25 75 0,5 0,5 0,5|axis yes STEP
1|Bumper 434 485 18 1 1 1|around base plate yes STEP
1| Motor group left 93 120 155 1,5 1,5 1,5|in between driving wheels 24 3,5jyes STEP
1| Motor group right 93 120 155 1,5 1,5 1,5|in between driving wheels 24 3,5lyes STEP
1| Battery A0AR 250 183 190 10 10 10|on top of the case of the castor wheel 26,4 10 A0jyes STEP
1|Charger 219 260 34 0,5 0,5 0,5|on side of the batteries 24 0,5 yes STEP
2|Electronic box 3HE 135 206 265 1 2 2|on top of the batteries 24 2.3 yes STEP
Robot arm HELLA
6|Motor AS5918 56 98 56 1,14 6,84 6,84 20,4 .. 48 6 9lyes STEP
6|Gear GPLE40D 60 76,5 60 0,45 2,7 2,7 yes STEP
Reach Floor and Tables up to 85cm,
center of the axis of the shoulder
should be in a height of 500 (+-50) mm
1|Arm RL-DOFE-B21-W5 2,1 2,1 3,1|above ground, not on the back side yes STEP
6|Encoder (part of the arm) - 0 0 0 5 0,001 0,001jno
1| Gripper RL-50-GRI-01-E 50 240 50 0,2 0,2 0,2 yes STEP
1| Clamping strip 200 50 40 0,1 0,1 0,1
1| Motor for gripper igus 1] 0|
1|PLC with Controllers CX5020 260 100 100 0,5 0,5 0,5 20,4 ..28,8 1,5 1,5)yes STEP
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Tablet PC 1| Tablet PC with Win7 (12.1" tablet } 312 208 17 1,2 1,2 1,2 19,5 3jno ISTU
1|Reclosable fastening 3M Dual Lock 51 356 D used on PT1 to mount tablet on
1|Microphones Microphone model Array 106 23 40 0 O]very close to the user - ISTU
Electronics, connector for |nfa nfa nfa
alternatives Jabra 410 full-duplex 120 120 35 near tablet
Andrea Electronics 31 35 110 near tablet
Andrea Electronics DA 210 45 40 near tablet
Andrea Electronics DA 74 116 26 near tablet
Acoustic Magic The 295 55 45 near tablet
1|Speaker Logitech Z-110 USB 100 90 90 0 0 - ISTU
1|USB/Ethernet DELOCK, 10/100, USB 70 40 30
1|USB Hub e.g. mobi or 4-Port 70 40 15
1|DC 24v/19.5V converter  e.g. Volteraft Slim DD 160 66 35
1|DC plug connector original needed (from
2|UsB cable male angled length TED
Easy to reach from sitting position.
Needs an edge of approx. 4-5cm high,
in order to stop moving/ slipping
Tray unit 1| Tray Fixed to body 150 200 30 0,5 0,5 3 3,5|objects from falling off. - ULUND
Either seperate On tray and extra water bottle in front
Bottleholder (should component on tray or to reach when fallen --> if sitting on
hold a 0.51 bottle as well part of tray and extra floor (i.e. should be at a hight of ca. 20
1|as cup) bottle fixed to front 50 50 150 0,1 0,1 0,75 0,85|50cm), safe if liquid spills. ULUND
Turntable 1 Plate to learn objects 160 160 20 0,13 0,13 0,13|Reachable by robot arm - yes STEP |TUW/HELLA
Mounted 30cm above ground looking
Sensors 1|Kinect 1: on base 270 60 40 0,5 0,5 0,5|straight forward 5 0,5 0,8
1| Kinect 2: in head 270 60 A0 0,5 0,5 0,5|at least 100 cm from the ground 5 0,5 0,8
on top of robot, 120cm (optimal
Head 1|Head only 270 275 105 2 2 2|regarding user requirements) 12 .36 5 7jyes .SLDASNTUW/BDR
1|Neck 2dof neck joint 80 80 120 0,25 0,25 0,25|rotate: 270°, pitch: 110° -
Bag, Cove, For personal
Commodity belongings &
box 1 important items, size 200 100 80 0,5 0,5 0,5 1|Easy to reach for user AAF/ULUND
Button Manufacturer:
EAQ, Farnell Order
Emergency preferred modules from  Code: 1130811 in front of robot, about 13cm above
button 1|Eaton Manufacturer Part A0 A0 A0 ground, max. 25 cm high ISTU/HELLA
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7.3 Appendix: Questionnaires planned for PT2

Screening Questionnaire for PU recruitment

(see D1.1: 3.1.4.1).

Falls Efficacy Scale — International

Below are some questions about how concerned you are about the possibility of
falling. Please reply thinking about how you usually do the activity. If you currently
don’t do the activity (for example, if someone does your shopping for you), please
answer to show whether you think you would be concerned about falling IF you did
the activity. For each of the following activities, please check the box which is closest
to your own opinion to show how concerned you are that you might fall if you did this
activity.

1. Cleaning the house

O O O O

Not at all concerned Somewhat concerned Fairly concerned Very concerned

2. Getting dressed or undressed

U U O O

Not at all concerned Somewhat concerned Fairly concerned Very concerned
3. Preparing simple means

O O U U

Not at all concerned Somewhat concerned Fairly concerned Very concerned
4. Taking a bath or shower

O O O O

Not at all concerned Somewhat concerned Fairly concerned Very concerned
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5. Going shopping
O O O

Not at all concerned Somewhat concerned Fairly concerned

6. Getting in or out of chair

O O O

Not at all concerned Somewhat concerned Fairly concerned

7. Going up or down stairs

O O O

Not at all concerned Somewhat concerned Fairly concerned

8. Walking around in the neighbourhood
O O O

Not at all concerned Somewhat concerned Fairly concerned

9. Reaching for something above your head or on the ground

O O O

Not at all concerned Somewhat concerned Fairly concerned

10. Going to answer the telephone before it stops ringing

O O O

Not at all concerned Somewhat concerned Fairly concerned

11. Walking on a slippery surface (for example, wet or icy)

O O O

Not at all concerned Somewhat concerned Fairly concerned

12. Visiting a friend or relative

O O O

Not at all concerned Somewhat concerned Fairly concerned

13. Walking in a place with crowds

O O O

Not at all concerned Somewhat concerned Fairly concerned

www.hobbit-project.eu/

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned

O

Very concerned
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14. Walking on an uneven surface (for example, rocky ground, poorly maintained

pavement)
O O O
Not at all concerned Somewhat concerned Fairly concerned

15. Walking up or down a slope

O O O

Not at all concerned Somewhat concerned Fairly concerned

16. Going out to a social event

O O O

Not at all concerned Somewhat concerned Fairly concerned

NARS Questionnaire (Attitude towards robots)

O

Very concerned

O

Very concerned

O

Very concerned

Please indicate in which way you agree or disagree to the following statements:

1. | would feel uneasy if robots really had emotions.

0 0 U 0

| don’t agree at all I don’t agree undecided | agree

2. Something bad might happen if robots developed into living beings.
] ] 0 ]

| don’t agree at all I don’t agree undecided | agree

3. I would feel relaxed talking with robots.

0 0 0 0

| don’t agree at all I don’t agree undecided | agree

4. 1 would feel uneasy if | was given a job where | had to use robots.

0 0 0 0

| don’t agree at all | don’t agree undecided | agree
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| totally agree
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| totally agree

O

| totally agree

O
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92/98


http://www.hobbit-project.eu/

HOBBIT D1.6 System Specifications

5. If robots had emotions, | would be able to make friends with them.

0 0 U 0

| don’t agree at all | don’t agree undecided | agree

6. | feel comforted being with robots that have emotions.

0 0 U 0

| don’t agree at all I don’t agree undecided | agree

7. The word “robots” means nothing to me.

0 0 U 0

| don’t agree at all | don’t agree undecided | agree

8. | would feel nervous operating a robot in front of other people.

0 0 U 0

| don’t agree at all | don’t agree undecided | agree

O

| totally agree

O

| totally agree

O

| totally agree

O

| totally agree

9. I would hate the idea that robots or artificial intelligences were making judgements about things.

0 0 0 0

| don’t agree at all I don’t agree undecided | agree

10. | would feel very nervous just standing in front of a robot.

0 0 0 0

| don’t agree at all I don’t agree undecided | agree

11. | feel that if | depend on robots too much, something bad might happen.

0 0 0 0

| don’t agree at all | don’t agree undecided | agree
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12. | would feel paranoid talking to a robot.

0 0 U 0 0

| don’t agree at all | don’t agree undecided | agree | totally agree

13. I am concerned that robots would be a bad influence on children.

0 0 U 0 0

| don’t agree at all I don’t agree undecided | agree | totally agree

14. | feel that in the future society will be dominated by robots.

0 0 U 0 0

| don’t agree at all | don’t agree Undecided | agree | totally agree

Self-Efficacy Scale

1. | can always manage to solve difficult problems if | try hard enough.

0 0 U 0

Not at all true Hardly true Moderately true Exactly true

2. If someone opposes me, | can find the means and ways to get what | want.

0 0 U U

Not at all true Hardly true Moderately true Exactly true

3. It is easy for me to stick to my aims and accomplish my goals.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

4. 1 am confident that | could deal efficiently with unexpected events.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

5. Thanks to my resourcefulness, | know how to handle unforeseen situations.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

6. | can solve most problems if | invest the necessary effort.
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] ] ] ]

Not at all true Hardly true Moderately true Exactly true

7.1 can remain calm when facing difficulties because | can rely on my coping abilities.

0 0 U U

Not at all true Hardly true Moderately true Exactly true

8. When | am confronted with a problem, | can usually find several solutions.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

9. If  am in trouble, | can usually think of a solution.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

10. | can usually handle whatever comes my way.

0 0 0 0

Not at all true Hardly true Moderately true Exactly true

SELF-GENERATED ITEMS
(tems on Perceived Reciprocity, Emotional Attachment, Perceived Safety, and Ethics)

1. [think that the robot can really help me to live longer independently at home.
] ] ] ] ]

Not at all true Hardly true Moderately true Very true Completely true

2. | think that | can accomplish more with the help of the robot than without it.
0 ] ] 0 ]

Not at all true Hardly true Moderately true Very true Completely true

3. | often supported the robot in its tasks.
] ] ] ] ]

Not at all true Hardly true Moderately true Very true Completely true
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4. | was often supported by the robot.
] O] O]

Not at all true Hardly true Moderately true

5. The robot and | often supported each other.
] ] ]

Not at all true Hardly true Moderately true

6. |feel safer with the robot than without.
Il Il Il

Not at all true Hardly true Moderately true

7. The safety-check with the robot makes me feel safer at home than before.

U 0 0

Not at all true Hardly true Moderately true

8. In my decisions, | also consider the requests of the robot.
] O] O]

Not at all true Hardly true Moderately true

9. The robot is responsible for its own actions.
] O] O]

Not at all true Hardly true Moderately true

10. The robot acts autonomously.
] ] ]

Not at all true Hardly true Moderately true

11. | can empathize with the robot.
] ] ]

Not at all true Hardly true Moderately true
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O
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O
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O
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O
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O
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12. The robot understands what is going on in my mind.
] O] O] ] O]

Not at all true Hardly true Moderately true Very true Completely true

13. The robot is a good helper.
] ] ] ] ]

Not at all true Hardly true Moderately true Very true Completely true

14. The robot has become important to me.
] L] L] ] L]

Not at all true Hardly true Moderately true Very true Completely true

15. | miss the robot.

U 0 0 U 0

Not at all true Hardly true Moderately true Very true Completely true

16. The robot was like a friend.

0 0 0 0 0

Not at all true Hardly true Moderately true Very true Completely true

17. I can rely on the robot doing what it is meant for.
] O] O] ] O]

Not at all true Hardly true Moderately true Very true Completely true

18. Please mark your subjective perception by a vertical line on the line below.
,For me, the robotisa..”

device person
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INTERVIEW GUIDELINES For SU based on System Usability Scale Items (for SU)

Instructions: For each of the following statements, mark one box that best describes your

reactions to the HOBBIT.

1. I think my relative/acquaintance would like to use HOBBIT frequently
O O ] O

Strongly disagree Rather disagree Rather agree Strongly agree

2. My relative/ acquaintance finds the HOBBIT unnecessarily complex.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

3. My relative/acquaintance finds the HOBBIT easy to use.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

4. My relative/acquaintance would need assistance to be able to use the HOBBIT.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

5. My relative/acquaintance finds the various functions in the HOBBIT well integrated.

O O O O
Strongly disagree Rather disagree Rather agree Strongly agree

6. My relative/acquaintance finds that there is too much inconsistency in the HOBBIT.

O O O O
Strongly disagree Rather disagree Rather agree Strongly agree

7. My relative/acquaintance learned to use the HOBBIT very quickly.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

8. My relative/acquaintance finds the HOBBIT very cumbersome/awkward to use.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

9. | feel very confident about my relative’s/acquaintance’s usage of the HOBBIT.
O O O O

Strongly disagree Rather disagree Rather agree Strongly agree

10. My relative/acquaintance needs to learn a lot of things before he/she could get going with

the HOBBIT.
O O O O
Strongly disagree Rather disagree Rather agree Strongly agree
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