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Summary

This document describes the work carried out in SRS Work Package 2 with the exception of privacy
and safety-related work, reported in Deliverables D2.1 and D2.3. The goals of this work package were
to provide the conceptual design of user interfaces, to iteratively evaluate user interfaces and optimize
their design, and to develop interaction patterns and principles.

Based on the user requirement studies of work package 1, a target group specification, personas, and
user interface requirements were developed. These have been iteratively revised throughout the pro-
ject runtime. Three user groups were specified: Elderly users in the home, informal caregivers, and
professional teleassistants. For each group we defined screening criteria to be used in recruitment for
SRS wuser studi es aarctetygical thamatess ofrepiesentative asers, showing the
goals and behaviors of target users in a way that can be easily communicated among stakeholders.

To better understand the working conditions and user characteristics of the professional user group,
an ethnographic study using the method of contextual inquiry was carried out in four teleassistance
centers dealing with the needs of elderly people. The teleassistants remotely give support to elderly
customers. We found that they often have an educational background in nursing, paramedics, or doc-
tords assi st an teehnobgydriendly veith a rauttitade 1of different technology already in
place to support elderly people in their homes remotely. We found their current professional profile
generally suitable for later extending it to include robotic teleassistance as part of the concept of the
SRS project.

Two technical assessments were carried out: an analysis of typical robot failures in autonomous task
execution and an assessment of interaction hardware and suitable user interventions for semi-
autonomous remote assistance. The analysis of robot failures was important in order to determine at
which points during autonomous task execution robots typically fail in a way that they cannot recover
autonomously. Also, in this analysis, we identified what a human operator would have to do to allow
the robot to recover from the error state and resume autonomous operation. We identified 27 common
failures and 51 corresponding required human remote operator interventions to resolve them. The

second assessment further investigated, how a human operator should provide this remote assistance.

We investigated which interactions for providing assistance with a robot and resolving its failure states
would be suitable and which interaction hardware would be suitable for the interactive tasks, also con-
sidering user requirements like mobility and reliability of the interaction. As a result, we specified in the
interaction concept different hardware solutions for each of the three different user groups: a mobile
handheld device for elderly people, a larger but still mobile tablet PC for informal caregivers, and a
traditional PC enhanced by 3D interaction devices for the professional user group. We further speci-
fied requirements for the three user interfaces.

Based on the specified requirements and on the interaction concept, initial versions of the user inter-
faces for local elderly users, remote informal caregivers, and remote professional teleoperators were
designed as interactive horizontal user interface prototypes. The prototypes were tested for usability
problems with ten elderly people, seven informal caregivers, and seven professional teleassistants.
We identified 12 usability problems in the user interface prototype for elderly people (UI-LOC), 33 in
the user interface for informal caregivers (UI-PRI), and 18 in the user interface for professional
teleassistants (UI-PRO). Improved second versions of the three Ul prototypes were produced, imple-
menting design changes based on the usability testing results. They were handed over to SRS devel-
opment for guiding the implementational ong wi th fidelta document so
visible in the interactive prototypes.
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After a phase of development, the implemented user interfaces were again evaluated in usability tests

with25 participants overall. Part of these tests were
and, due to restricted availability of the robot, p
Research Lab using the Gazebo robot simulator. We identified 49 usability problems in the imple-

mented user interfaces and produced reports for guiding development in improving the user interfaces.

To obtain validated interaction patterns, we reviewed the literature on human-robot interaction design
guidelines to justify the need for this research segment. We then extracted candidate interaction pat-
terns, i.e. hypothesized examples of good interaction design practice, from the conceptual user inter-
face work and user interface features implemented by SRS partners. From this input we generated 37
candidate interaction patterns and principles, involving such themes as semi-autonomous remote ma-
nipulation, integrated visualization of all task-relevant spatial data in a 3D scene for remote operators,
or prominent and instant access to an emergency function for elderly users in the home.

By applying criteria such as innovativeness and scientific relevance, we chose two themes for further
investigation among the interaction patterns. The two themes, availability of 3D environment models
for remote semi-autonomous navigation and availability of stereoscopic presentation during remote
semi-autonomous manipulation and navigation, were further investigated in two experiments und con-
trolled conditions to obtain validated human-robot interaction patterns for the semi-autonomous re-
mote operation of domestic service robots. The experiments were carried out with the 3D UI-PRO
professional user interface and 55 participants. While analysis of the results is time-consuming and
was still ongoing at the time of writing, initial results indicate advantages of stereoscopic vision for
remote manipulation and navigation and advantages of 3D environment models for remote semi-
autonomous navigation in some situations (certain remote user tasks) but not in others.
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1. Research Procedure and Overview

Table 1 shows the procedure followed for the work reported in this deliverable (i.e., all WP2 work ex-
cept for privacy and safety-relevant work reported in D2.1 and D2.3).

Table 1: Overview of research segments reported in this deliverable

Section in Work Segment Partners
This Do c- Mainly I n-
ument volved

2 SRS Interaction Concept HDM

Specifying the SRS interaction concept has been a continuous iterative process
based on the various user studies and other assessments carried out. A broad
overview is provided at the beginning of this deliverable to facilitate comprehen-
sion of subsequent sections.

3 Ethnographic study of teleassistance centers HDM

We carried out a study to determine the working conditions and characteristics
of prospective professional SRS users to gather information for the user inter-
face concept.

Location: Stuttgart

Participants: 5 teleassistants from 4 institutions

4 User Specification HDM, FDCGO,
. . . . . ING
As a part of the SRS user interaction concept, this section describes the SRS
target groups. It also provides personas for each target group.
5 Assessment of R o b o Failudes in Autonomous Task Executionand R e- HDM, IPA, IMA
quired Human Interventions
This analytical technical study det el
mode frequently fails and what input would be required from a remote operator
to get the robot to finish its current task.
6 Assessment of User Interactions and Interaction Hardware HDM
Based on the assessment of the previous segment, we evaluated how a remote
user should ideally support the robot.
7 User Interface Requirements IMA, HDM
Based on previous user studies and technology assessments, we specified
requirements for the three user interfaces.
8 Development and Usability Testing of Horizontal User Interface Prototypes HDM

We iteratively developed horizontal prototypes of the three user interfaces Ul-
LOC, UI-PRI, and UI-PRO and carried out usability tests to improve them. After
that, the prototypes and function specifications were handed over to developers
for implementation.

Location: HDM User Experience Lab, Stuttgart

Participants: 24 (10 elderly people, 7 informal caregivers, 7 teleassistants)




9 Usability Tests of Implemented User Interfaces HDM, IPA,

. - . . IMA, BAS
We carried out usability tests of the implemented user interfaces UI-LOC and

UI-PRI. Due to availability restrictions of Care-O-bot, part of the sessions were
carried out at | PA6s model kitchen (.
using the Gazebo simulator (21 users).

Locations: IPA Model kitchen, Stuttgart; & HDM User Experience Lab, Stuttgart

Participants: 25 (13 elderly people, 12 informal caregivers)

10 Candidate Interaction Patterns and Principles HDM

We reviewed existing HRI design guidelines and analyzed the developed SRS
user interfaces for potential good-practice interface design solutions.

11 Validation of Interaction Patterns HDM, BUT,

. . . ) . . IPA
To validate selected interaction patterns, we first developed a 3D simulation

environment that enabled us to carry out an extended pilot study in simulation.
The results of the pilot study informed the design of two controlled experiments
with the real robot for pattern validation carried out in a purpose-built model
apartment at IPA in Stuttgart.

Location: Model apartment at IPA, Stuttgart

Participants: 14 in pilot study, 55 in validation experiments

2. SRS Interaction Concept

With aging populations, many developed countries in Europe and worldwide are facing a situation
where young people have to support an increasing number of old people. Personal service robots
could be an interesting option for addressing the resulting bottleneck in healthcare, supporting inde-
pendent living of elderly people in their familiar home environment. Personal service robots can be
divided into two groups i able and unable to manipulate objects in the environment. Robots unable to
manipulate are mainly focused on providing information. Manipulation robots have been implemented
successfully in controlled environments (mainly in factory settings) but the heterogeneous and un-
structured domestic environment poses substantial technological challenges in many areas of artificial
intelligence (e.g. Kemp et al., 2007). To address this problem, the SRS project supplements robotic
intelligence with human intelligence. When the robot encounters an unknown situation it cannot handle
autonomously, a teleoperator is contacted. Through automated learning from the teleoperation and
active teaching,human i nvol vement decreases over ti me.
extended and its behavior increasingly adapted to the local context.

SRS addresses three types of users:

A Elderly person in the home

A Remote informal caregiver (e.g. sons and daughters of elders, other relatives, friends)
A Remote 24-hour teleassistant

If the robot encounters a problem, normally the informal caregiver is first called for remote assistance.
If the caregiver is unavailable or cannot solve the problem, the request is forwarded to a professional
24-hour teleassistance center. The assistance staff is specially trained and has more sophisticated
means of controlling the robot. Teleoperation requests can also be initiated directly by a user.
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The following application scenarios are pursued in SRS:

A

Fetch and carry (base scenario): remotely operated fetching and carrying of objects and other
manipulation tasks like opening doors, including audio and/or video communication between op-
erator and local user and situation monitoringt hr ough r emote avail abil

Emergency assistance: The elderly person places an emergency call (e.g. in case of a fall) using
a device carried on the body and a teleoperator uses video calling and robot navigation, e.g. to
assess the health status and type of injury, to calm down the elderly person, or to make the elderly
person keep talking in case of an instable health condition. The operator can also use fetch-carry,
e.g. to bring medicine, or manipulation to open the door for the ambulance.

Fetching and carrying difficult objects: For elderly people, objects low on the ground and high
up are often difficult to reach. Also, heavy objects can be problematic. Reaching and carrying such
objects is a benefit of a manipulating in-home robot. The prototype hardware has certain limita-
tions regarding maximum weight and lowest and highest object that can be reached but can nev-
ertheless provide a proof of concept.

There are three main modes of operation in SRS:

1)

2)

3)

Autonomous mode: This is the favored mode but it will often not be possible because it is tech-

nologically challenging. In this mode, the user issues a single high-l evel command such

of

as

tabl ed and the robot execut es Thibisthenneain enade af opgr- act i o n s

ation for elderly users.

Semi-autonomous mode: If autonomous task execution is not possible, semi-autonomous mode
is the next-best choice. In this mode, the teleoperator operates the robot but the robot assists as
much as possible with its own intelligence. For example, the user can assist navigation by clicking
on a position on a map and the robot navigates there autonomously or the user can assist ma-
nipulation by selecting an object in a video image and the robot grasps it autonomously. This
mode takes away effort from the user, reduces operation errors, and reduces the network traffic,
which is advantageous for teleoperation over real-word networks like DSL, Wireless LAN or 3G. In
case the favored, most user-friendly semi-autonomous mode fails in the unstructured environment,
a second stage of semi-autonomous operation is fallen back upon, where the user provides more
input. One approach is that the user places a 3D model of an object in a 3D scene on the screen

and specifies the gripperbds final p Birstistage semi- t o

autonomous mode is available to informal caregivers and second-stage semi-autonomous mode
to professional teleoperators.

Manual mode: In this mode, the least robotic intelligence is used. The teleoperator directly con-
trols the robot, e.g. the teleoperator can navigate the robot similar to driving a car. This mode re-
quires the most user interaction effort and system knowledge and can be technologically challeng-
ing over real-world communication networks. This mode is used if all other semi-autonomous
modes fail or are not feasible from the start. It is thus considered the last alternative. This mode is
mainly used by professional teleoperators.

SRS learns from semi-autonomous and manual teleoperation by deriving hypotheses on user inten-
tions and transforming them into task knowledge. Also, users can teach the robot new objects, how to
grasp objects, or action sequences. Due to this learning system, it is only necessary to teleoperate
SRS once or a few times for a given task and with continuous usage, SRS will execute more and more
tasks autonomously.
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To support the scenarios and operation modes, along with requirements such as mobility of elderly
and family users, the interaction concept foresees different interaction devices and modalities for each
user group. Results of user needs assessments and the analysis of SRS usage scenarios showed the
need of a relatively smal/l and mobile Aal/l i n
caregivers. The professional user instead works in an office on a fixed workstation in the framework of
a 24-hours service center and thus does not need to be mobile. For this user interface the focus is on
maximum of functionality and remote support as the last instance in the support chain. Based on these
priorities, the following devices were selected for the three different SRS user interfaces:

A Elderly users (UI-LOC): small, highly portable handheld touch screen device, e.g. Apple iPod
Touch (can be complemented by co-located interaction with the robot, e.g. through gestures)

A Informal caregivers (UI-PRI): large portable touch screen device, e.g. Apple iPad

A Professional teleassistance staff (Ul-PRO): standard PC with HD screen (optional: 3D-capable),
mouse, and a dedicated device for remote manipulation (e.g. 3D mouse or haptic force feedback
device)

The less sophisticated user interfaces inherit their functions to the more sophisticated ones, i.e., Ul-
PRO includes all functions of UI-PRI and UI-LOC and UI-PRI includes all functions of UI-LOC.

Figure 1 illustrates the SRS interaction concept.
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Figure 1: SRS user interaction concept
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3. Ethnographic Study of Teleassistance Centers

3.1. Introduction

This section reports on a study that was carried out to determine the working conditions und charac-
teristics of prospective professional SRS users. The necessity for this user group was not originally
planned but emerged later during the project, in part as a result of the SRS studies on user needs.
The addition of this user group is necessary because not all remote interaction with the SRS robot can
be handled by elderly and private caregivers. Private caregivers may not always be available (e.g. due
to being at work or unwillingness). Further, some of the manual interaction will be too complex for
untrained users with mobile devices and instead require fixed hardware installations and special train-
ing.

Since a user group of professional robot operators does not yet exist in the real world, the closest
match are teleassistance personnel to remotely support the elderly, e.g. by phone or for answering
emergency calls made through existing emergency alerting systems. This group of workers is also
considered the most likely future candidate for receiving a special training for SRS. They could oper-
ate SRS in addition to their existing support activities.

Goal: To determine the working conditions and user characteristics of the prospective professional
SRS user group, especially technical expertise and level of education

Method: The me t h o dontexfual ifiquiryd ( Bey er & H onvastappbed.dsirtg this heQhdd )

the researchergoest o t he userds environment in order t
The researcher takes the role of an apprentice and lets the user teach as the expert on the task. The
researcher stays in the background but verifies that conclusions are correct by asking the participant.

Visited institutions and p articipants: Four institutions dealing with the needs of elderly people were
visited: 3 home emergency support centers and 1 telemedical service center. All institutions were lo-
cated in Germany. In the institutions, five professional teleassistants were interviewed. The inter-
viewed people were between 26 and 43 years old with an average age of 33.4 years. They were all
female. All participants worked as a teleassistant; one of them as a team leader with additional admin-
istrative tasks (50 percent). Participants were trained as fi mdical assistanto ),( 2@udhentation assis-
tant and nursed(1), ffiteoclerko(l), a nuhicigalmlerk and telemedicine assistanto(1).

3.2. Summary of Results

Users

A Mostly women

A Previous education and training: typically as a nurse,doctor 6 s assi st ant, par
A Receive 3 to 6 months of training as a teleassistant
A

Technology-friendly and often even tech-savvy; have to deal with a variety of computer software

day to day and need to be familiar with a variety of techni ¢ a | devices present

homes to give instructions and understand problems illustrated on the phone

A Need to have excellent national language skills, e.g. to understand dialects of elderly or when
clients speak quietly or weekly in case of an emergency

0 unde:]
amedi c,
at €
cen

A Not underpaid and paid better than typical cal l

A Usually rather high motivation for being on their job; typically stay on the job for many years



A Motivation comes from being able to help elderly people (i You do somet hing
donot need to see any blood Iike a paramedi
non-monotonous since every client has different problems and a different personal story)

A Politeness and friendliness is an | mpmacalteatreta
person is a number. With us they are individuals. We put gr eat emphasis

Clients

A 60 to 100 years old

A Heterogeneous: different attitudes, e.g. kind or hostile, poor or rich

Work environment

A

A

Typically 2 to 4 people in one room, however at one institution capacity for up to 24 in the future
(see right picture in Figure 3, actively used workstations were only up to 4)

Shelves, cupboards, and walls used as room dividers and to reduce noise

Furnishing and impression typically of a small standard office, not of a typical call center (with one
exception); e.g. rather | arge desks with man

Sound intensity depends on how many people are calling, can be noisy but often it is quiet (when
no calls are coming in); calls peak at certain hours each day

Tools: computers (often several monitors per desk to better control different programs, one to
three computers per employee for different software systems), headset, phone, information on pa-
per (folders, registers)

Workplaces for home emergency calls and for standard phone calls are sometimes separated
physically and employees have to change seats to get a phone call/an emergency call

The telemedical institution constantly deals with life-critical monitoring and therefore follows strict
service quality standards (ISO 9001:2000; A VDE Anwendungsregeln f¢r

Organization of the work

A 24-hour shift work in all visited institutions: 4.5 to 8 hours per shift, night shift up to 12.5 hours
(less calls at night), e.g. 7am i 1pm, 1pm i 7pm, 7pm7i 7am

A 2to 4 operators per shift (1 to 2 operators during the night shift)

A Many part-time jobs

Tasks

A The three emergency support institutions handle emergency calls as their main task: Elderly peo-
ple have an emergency alerting device at home (fixed desktop device with direct voice connection
to the call centre or a mobile device). They push a red button if they fall and cannot get up, if they
need help, nursing or an ambulance. Some elderly are additionally asked to push a yellow button
every day at the same time to signal everything is ok. If they miss to do so, the teleassistants have
to find out why (call them, call relatives, send someone to the house of the elderly person). The
support centres have keys to many of the houses that they can use in case of emergency.

A Operators need to speak in a friendly voice and be polite, make elderly people feel secure, talk

slowly and clearly, and keep calm in every situation
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Around 200 to 500 calls a day through the alerting systems

Most calls are not real emergencies (only around 2%): Clients have to regularly test functionality of
their emergency alerting device; during new installations technicians call; elderly call for non-
intended reasons (e.g. they feel lonely and would like someone to talk to)

Many calls are false alarms and sometimes an ambulance or a nurse has to get to the elderly
p e r s o ng® %o firtd out nothing happened

If time permits operators chat with some of the elderly people

Operators are unfamiliar with around 90% of the clients; usually just remember a few and know
about their situation and problems

Additionally the support centres are a point of contact for people who need information by conven-
tional phone about about emergency service offerings and prices, nursing care places, transporta-
tion services, etc. Enquirers are patients, their relatives, hospital staff, and other interested people

Other services: GPS-based locating of elderly; cell phones with GPS, monitoring devices that de-
tect motion, sounds, and epileptic seizures

Problems all teleassistants face are that some people are hard to understand because of their
dialect or their lack of language skills

The telemedical institution monitors weight, blood pressure and respiration of patients with heart
failures. For example if a patients gains weight very fast an alarm is triggered. Furthermore they
take orders for pharmacies outside business hours and give information about emergency phar-
macies. They inform interested people about telemedical programs they could join and help with
operating problems with the used devices.

Available information about clients displayed in some computer applications

> > > > > >

Name, address, phone number
Age, birth date
Diseases, medication

Contact details of relatives, neighbors and competent welfare center

Mi scell aneous information (personal, e.g. Aprone

Much of the general non-client-specific information is available only on paper and in folders (im-
portant phone numbers, information about nursing homes, news for employees, forms, information
about services and partners)

11
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Figure 2: Typical workplace arrangement  (floor plan of one of the institutions )

Figure 3: Two contrasting work en vironments: Typical environment at a home emergency su  p-
port center (left) and envisioned future usage of the telemedicine institution (however currently
only up to four people work in that room)
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Figure 4: Typical workplace with multi  -screen setup, headsets, conventional phone(s), infor-
mation on paper

Figure 5: Three screens from emergency alert supervision software:

on the left client information (e.g. #dpryelovebut-o fall o,
ton yes/no); on the top right ¢ auses of call (operating error, user signs out, user signs in, no
speaking contact, fall, medical cause, technical cause, nursing cause) ; on the bottom right

action after call (no action necessary, participant reach ed, é is informed/will go there, nursery
is informed)
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