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Summary 

The goals of SRS work package 2 are to provide the conceptual design of user interfaces, to iterative-

ly evaluate user interfaces and optimize their design, and to develop generalized interaction design 

patterns. This document reports on the work carried out in SRS work package 2 during the period 

since the last deliverable, D2.1 in project month 6, until project month 18, with the exception of safety-

related work which will be part of deliverable D2.3.  

After initial user requirement studies, mainly as part of SRS work package 1, a target group specifica-

tion, personas, and user interface requirements were developed. These have been iteratively revised 

throughout the project runtime. Three user groups have been specified: Elderly users in the home, 

informal caregivers, and professional teleassistants. To better understand the working conditions of 

the newly defined professional user group, an additional ethnographic study was carried out in teleas-

sistance centers who remotely give support to elderly customers.  

Initial versions of the user interfaces for local elderly users and remote informal caregivers users were 

developed as interactive clickdummies. The clickdummies for elderly and caregivers were tested for 

usability problems with real users and then improved. A second iteration of these clickdummies was 

produced, implementing design changes derived from the usability testing results. These were handed 

over to SRS development for guiding the implementation. Based on the previous SRS user studies 

and specifications, an initial version of the SRS user interface for professional users was developed 

which is under discussion in the consortium.  

A central outcome of work package 2 will be generalized user interface design recommendations for 

the interaction with domestic service robots. Information on the goals and procedure of attaining these 

is provided. 
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1. Introduction 

1.1. SRS Concept and Corresponding User 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 – 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 research project “Multi-Role Sha-

dow Robotic System for Independent Living” (SRS) aims to supplement robotic intelligence with hu-

man 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 involvement decreases over time. This way, the robot’s functional range gets extended and its 

behavior increasingly adapted to the local context.  

There are three main user groups: 

 Elderly person in the home 

 Informal (private) caregiver (e.g. sons and daughters of elders, other relatives, friends) 

 24-hour teleassistants 

If the robot encounters a problem, 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.  

 

The following application scenarios are pursued in SRS: 

 Remote 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 

operator and local user and situation monitoring through remote availability of the robot’s cameras 

 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 (approx. lower than 0.5 m or higher than 1.50 m). Also, heavy objects 

can be problematic (approx. >2kg). Reaching and carrying such objects is a key benefit of a mani-

pulating in-home robot. The prototype hardware has certain limitations regarding maximum weight 

and lowest and highest object that can be reached. These limitations have to be determined in de-

tail throughout the project as the robotic platform has so far not been used for such tasks. The 

goal is to implement and demonstrate at least one of the three applications (low, high, heavy).  

 Tidying up: Users can choose to have a specific object returned to a previous location or to tidy 

away multiple (or all) objects in a scene (in the current field of view of the robot). 
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 Preparing food (or an alternative sequence-oriented application scenario): The purpose of 

this scenario is to demonstrate SRS’s ability to learn action sequences (such as laying a table or 

preparing food). 

 

There are three main modes of operation in SRS: 

1) 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-level command such as “lay the 

table” and the robot executes all necessary actions autonomously. This is the main mode of oper-

ation for elderly users. 

2) 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 could assist navigation by click-

ing on a position on a map and the robot navigates there autonomously. Or the user could assist 

manipulation 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. 

There may be further variants of the semi-autonomous mode requiring more user input. These 

may be fallen back on in case the favored, most user-friendly semi-autonomous mode fails in the 

unstructured environment. One approach could be that the user places a 3D model of an object on 

the screen for SRS to find appropriate grasping points. Another approach could be that the user 

reduces the search space for object detection by specifying an area in the video image. This is the 

main mode of operation for informal caregivers.  

3) Manual mode: In this mode, the least robotic intelligence is used. The teleoperator directly con-

trols the robot, e.g. the user may navigate the robot similar to driving a car and operate its arm and 

gripper directly with up/down commands. This mode requires the most user interaction effort and 

system knowledge and can be technologically challenging in real-world communication networks. 

This mode is used if all other semi-autonomous modes fail or are not feasible from the beginning. 

It is thus considered the last alternative. This mode will mainly be used by professional operators.  

 

SRS learns autonomously from semi-autonomous and manual teleoperation by deriving hypotheses 

on user intentions 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 may only be neces-

sary to teleoperate SRS a few times for a given task and after an analysis of the usage pattern, SRS 

will execute this task autonomously.  

Three phases of SRS system usage can be distinguished. Pre-deployment (1) is the phase before 

the robot is deployed to an individual home. This phase determines the capabilities SRS comes 

equipped with when it leaves the factory. Its knowledge is general and not adapted to the local context. 

The deployment phase (2) is the “first day” of the robot in the individual home where it is to be used. 

In the deployment phase, the robot gets taught basic information like important objects expected to be 

needed during normal usage and a room plan of the apartment. This information is required later for 

autonomous and semi-autonomous navigation and manipulation. Finally, the post-deployment phase 

(3) is the phase after deployment when the robot is used on a regular basis in the home of the elderly 

person. This is the phase mainly focused on in SRS user interface development and system demon-

stration.   

 

 

To support the scenarios and operation modes, along with requirements such as mobility of elderly 

and family users (see Deliverable 1.3 for the hardware evaluation and Section 6.3 of this document for 
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a further elaboration), the interaction concept foresees different interaction devices and modalities for 

each user group. The hardware evaluation in Deliverable 1.3 showed advantages and drawbacks of 

different devices. In conclusion, none of the evaluated device was considered totally unsuitable for 

SRS. The selection of the used hardware thus needed a more strategic rather than functionality-based 

decision. Feedback from user needs assessment as well as the analysis of SRS usage scenarios 

clearly showed the need of a relatively small and mobile “all in one” interaction device for the elderly 

user and for informal caregivers. However, the professional user works in an office on a fixed worksta-

tion in the framework of a 24hrs service center and thus does not need to be mobile. For this user 

interface 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: 

 Elderly users (UI_LOC): small, highly portable handheld touch screen device, e.g. Apple iPod 

Touch (plus some degree of direct, co-located interaction currently under evaluation, e.g. through 

gestures) 

 Informal caregivers (UI_PRI): large handheld touch screen device, e.g. Apple iPad 

 Professional teleassistance staff (UI_PRO): standard PC with HD screen (optional: 3D-capable), 

mouse, joystick for navigation, and haptic force feedback device for manipulation (Sensable Phan-

tom) 

 

The following figure illustrates the SRS interaction concept: 

 

 

Figure 1: SRS user interaction concept 
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1.2. Content of This Document 

Table 1 gives a loosely chronological overview of the SRS iterative conceptual design and evaluation 

efforts to this date and indicates which of these are reported in the present deliverable as part of work 

package 2. 

 

Table 1: Chronological overview of completed conceptual design and evaluation efforts in work 

package 2 

Work Description Section in This Document 

User requirements elicitation and technology specification 

 
Not in this document  

(in several WP1 deliverables) 

Development (and several revisions) of SRS scenarios Not in this document (D1.1) 

Ethnographic study of teleassistance centers for elderly remote 
support in order to determine characteristics of future SRS pro-
fessional user group 
 

Summary of study report in Section 2 

Development (and several revisions) of SRS personas Last iteration presented in Section 3 

Development (and several revisions) of SRS target group speci-
fication 
 

Last revision presented in Section 4 

Development of SRS user interface requirements Section 5 

First iteration of conceptual designs of SRS user interfaces for 
elderly (local) users (“UI_LOC”) and informal (private) caregivers 
(“UI_PRI”) 
 

Sections 6.1 and 6.2 

Usability testing of first iterations of UI_LOC and UI_PRI click-
dummies 
 

Sections 6.1 and 6.2 

Deriving improvement measures from usability test results and 
design of second iterations of UI_LOC and UI_PRI; handover to 
SRS developers 
 

Sections 6.1 and 6.2 

Design of first iteration of professional user interface “UI_PRO”: 
hardware selection, specification, clickdummy 

Section 6.3 

Development of generalized interaction design recommenda-
tions, design patterns, and design principles 
 

Section 7 

 
 
 

1.3. Integrated Evaluation Plan of Work Packages 2 and 6 

To put the information about completed work presented in Table 1 in the previous section into the 

context with upcoming work and to show the integration with SRS work package 6 from an evaluation 

perspective, Table 2 provides an overview of completed and upcoming SRS evaluations. The informa-

tion in this table is identical to the table presented in the amendment to Deliverable 6.1. 
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Table 2: SRS integrated evaluation plan of work packages (WP) 2 and 6 

No.,  

Time,  

Duration 

Evaluation Description Participants Site, 

Leader 

WP/Task, 

Report, 

Report Date 

(1) 

2011-01 

1 week 

Initial usability test of user interfaces 

UI_LOC and UI_PRI using clickdum-

mies and video-simulated robot beha-

vior 

7 elders 

5 informal care-

givers 

Usability Lab 

HDM, Stuttgart 

Lead: HDM 

WP2, task 2.6 

D2.2a 

2011-07-31 

(2) 

2011-01 

3 weeks 

User evaluation of SRS concept (ques-

tionnaire-based survey) 

30 elders 

23 informal care-

givers 

3 sites: Italy, 

Spain, Germany 

Lead: FDGCO 

WP6, task 6.1 

D6.1a 

2011-01-31 

(3a) 

2011-12-05 

2 weeks 

Usability test of initial version of real 

user interfaces (no longer clickdum-

mies) of UI_PRI and UI_LOC (basic 

functions present, connected to Care-

o-Bot simulation; non-implemented 

functions will be improvised) & usability 

test of first version of UI_PRO (click-

dummy). Focus on real interactive 

behavior, i.e. users will act simulta-

neously. 

10 elders 

10 informal care-

givers 

5 tele-assistance 

staff 

Usability Lab 

HDM, Stuttgart 

Lead: HDM 

WP2, task 2.6 

D2.2b 

2013-01-31 

(3b) 

2011-12-05 

2 days 

Usability test of initial version of real 

user interfaces of UI_PRI and UI_LOC. 

This is a fork of test 3a, with the same 

goals but using the real robot (not the 

simulation). The test has a shorter 

duration and less participants due to 

availability restrictions of Care-o-Bot. 

2 elders 

2 informal care-

givers 

IPA kitchen envi-

ronment, Stuttgart 

Lead: HDM 

WP2, task 2.6 

D2.2b 

2013-01-31 

(4) 

2012-01-16 

2 days 

Real home pre-test with focus on tech-

nical performance in real apartments 

(informing the developers and task 

6.3), necessary adaptations, and users’ 

perception of robot 

2 elders 

2 informal care-

givers 

Private home, 

Stuttgart area 

Lead: HDM 

WP6, task 6.3 

D6.2 

2012-01-31 

(5) 

2012-02 

4 weeks 

Local manipulation test 10 elders IZA Care Center, 

San Sebastián, 

Spain 

Lead: ING 

WP6, task 6.3 

D6.2 

2013-01-31 

(6) 

2012-04 

4weeks 

Remote manipulation and visualization 

test with UI_PRO 

10 tele-

assistance staff 

IZA Care Center, 

San Sebastián, 

Spain 

Lead: ING 

WP6, task 6.3 

D6.2 

2013-01-31 

(7) 

2012-05 

4 weeks 

Final SRS entire-system evaluation 

and final user interface usability test 

(leaving some time for addressing 

issues before final demonstration in 

2013-02) 

10 elders 

10 informal care-

givers 

3 tele-assistance 

staff 

FDGCO real 

home environ-

ment, Milan 

Lead: FDGCO & 

HDM 

WP6, task 6.3 

WP2, task 2.6 

D6.2 

2013-01-31 

D2.2b 

2013-01-31 



 

 

 

8 

2. Ethnographic Study of Teleassistance Centers 

2.1. Introduction 

This section reports on a study that was carried out to determine the working conditions und characte-

ristics 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 method of “contextual inquiry” (Beyer & Holtzblatt, 1998) was applied. Using this method, 

the researcher goes to the user’s environment in order to understand the context of his/her actions. 

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 participants: 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 “medical assistant” (2), “documentation assis-

tant and nurse” (1), “office clerk” (1), and “municipal clerk and telemedicine assistant” (1). 

2.2. Summary of Results 

Users 

 Mostly women 

 Previous education and training: typically as a nurse, doctor’s assistant, paramedic, case manager 

 Receive 3 to 6 months of training as a teleassistant 

 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 technical devices present at elderly people’s 

homes to give instructions and understand problems illustrated on the phone 

 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 

 Not underpaid and paid better than typical call center staff (around 1500 € net on average) 

 Usually rather high motivation for being on their job; typically stay on the job for many years  
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 Motivation comes from being able to help elderly people (“You do something good each day but 

don’t need to see any blood like a paramedic.”) and from the versatile work (often perceived as 

non-monotonous since every client has different problems and a different personal story) 

 Politeness and friendliness is an important personal requirement for the job (“In a call centre a 

person is a number. With us they are individuals. We put great emphasis on that.”) 

 

Clients 

 60 to 100 years old 

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

 

Work environment 

 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 large desks with many personal items kept there, “cozy feel” 

 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; “VDE Anwendungsregeln für Telemonitoring”) 

  

Organization of the work 

 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 – 1pm, 1pm – 7pm, 7pm – 7am 

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

 Many part-time jobs 

 

Tasks 

 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.  

 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 

person’s house to find 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 

 Miscellaneous information (personal, e.g. „prone to fall“) 

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

 

 

 

 

Figure 3: Two contrasting work environments: Typical environment at a home emergency sup-

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), informa-

tion on paper 

 

 

Figure 5: Three screens from emergency alert supervision software:  

on the left client information (e.g. “prone to fall”, “artificial hip”, medication, use of yellow but-

ton yes/no); on the top right causes 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 reached, … is informed/will go there, nursery 

is informed) 
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3. Personas of SRS Users 

This section presents the latest revisions of the SRS personas. They are based on user studies involv-

ing focus groups and ethnographic approaches, and on the user specification (Section 4). Personas 

(Cooper, 1999) are fictional archetypical characters of representative users, showing the goals and 

behaviors of target users in a way that can be easily communicated among stakeholders.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Photo by Travis J. Allison, Creative Commons license  
www.flickr.com/photos/whybesubtle/3131510578/ 
 
Elisabeth has two children who both work during the week. Her daughter Jennifer (49) lives in the same city and 
her son Martin (55) lives 50 km away. Jennifer comes several times a week, after work, to help Elisabeth but 
Martin can only visit her about once a week. Since many of Elisabeth’s friends have died and it takes a lot of effort 
for her to leave the apartment to meet other people, sometimes she feels a little lonely and wishes that she could 
have someone to talk. She shows a moderate level of motor impairment. As the consequence of a fall, she had a 
fracture in the right hip and right wrist recently. She still feels pain at the hip and the right hand has insufficient 
strength. The risk of falling is high for her (loss of balance, fragility, weakness) even though she can walk small 
sections with the help of a cane inside the home and with a walking frame outside. To help Elisabeth be indepen-
dent, handles were installed in the bathroom. She cannot lift, carry or transport heavy or large objects because 
she needs support while walking. Also climbing a ladder to reach something is not an option. Elisabeth tires and 
gets sick more easily than before. Because of her low mobility and loneliness, she does not eat and drink as 
much as she used to and has lost some weight recently. During conversations, her children recently noticed that 
their mother on some days does not pay attention constantly. Also, she sometimes forgets things they told her but 
this only happens sporadically so it is not a major problem yet.  
 

Elisabeth’s goals: 

 Seeing her children and grandchildren as often as possible 

 Staying autonomous as much as possible, not being a burden to her children 

 Drinking and eating enough, as the doctor tells her to 

Elisabeth’s questions: 

 Would there be enough space in my apartment for the robot to move around and to store it? 

 Could the robot help me when I fall and can’t get up? 

 Could the robot do some housework for me? 

 Would it be able to carry heavy objects for me? 

 Would it be easy to make contact with my family through the robot? 

 What would the robot look like? 

 Would the robot be able talk to me? 

 What if my children have no time to operate the robot but I need help? 

 Could a teleoperator watch me without my knowledge through the cameras? 

Elisabeth Baker 
Elderly person with moderate physical and  

minor cognitive impairments 

 

Age:    81 

Former job:  Used to be a tailor 

Family status: Widow, 2 children aged 49 and 55 

Residence: 2-room city apartment on the fourth floor, house 
has an elevator 

Interests:  Crossword puzzles, reading the local newspa-

per, looking at old photographs, botanic gar-

dens 
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Source: Photo by Jim Budd, Creative Commons license 
www.flickr.com/photos/74791601@N00/633858537 
 
Martin lives around 50 km from his mother Elisabeth (81). Due to his work, he is used to a laptop computer and 
has recently also bought a modern multi-touch smartphone which he enjoys to use. With his busy schedule and 
two kids at home, this means he cannot visit her often. However, the situation so far did not imply a significant 
problem since his mother was able, with some assistive devices, to look after herself. Over the last year though, 
her health status has been decreasing and Martin and his wife become more and more worried about how to 
assist her now and in the future. Sometimes, when talking to his mother on the phone, she told him about a cur-
rent problem like lack of appetite or inability to reach down to the ground to pick up something she dropped. Some 
of the tasks, now difficult for his mother, could be done rather quickly by him but they would require presence in 
the apartment. Martin has sometimes wished he could be there physically to see the situation with his own eyes 
and perform certain actions. His mother has strong objections toward moving in to a nursing home, which Martin 
can understand. He has offered his mother to move in with them but she denied and stated that she prefers to live 
in her habitual environment and does not want to intrude their family life.  
 
 
Martin’s goals: 
 

 To have more time for himself and for his children 

 To help his mother more, at least as much as his sister who lives closer to her 

 To know that his mother is safe and receives help in case of an emergency 

 
 
Martin’s questions: 
 

 What exactly would the robot be able to do? 

 Would the robot be able to send an alarm to my mobile if something has happened to my mother? 

 Would I be able to operate the robot when I travel? 

 Would my mother understand how to use the robot herself? 

 Could the robot kill some of her time and keep her active because she is figuring out how to use it? 

 Would my mother feel threatened by the robot? 

 Would I have less time due to the robot because my mother always calls me? 

 Would the teleoperation be easy to use for me? 

 What happens if I don’t have time to answer a remote operation request by my mother? 

 Would the robot increase my mother’s loneliness or decrease it? 

 Would the health insurance pay for the robot? 

 Do they intend to entirely replace human caregivers with these robots? Is that a good development? 

 

Martin Baker 
Informal caregiver 

 

Age:    55 

Job:    Key account sales manager 

Family status:  Married, 2 children, son of Elisabeth Baker (81) 

Residence: Suburban family house, but often travels and 
sleeps in hotels 

Interests:  His children are first priority, playing golf with his 

colleagues, international cuisine dining 
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Source: Photo by StickerGiant, Creative Commons license 
www.flickr.com/photos/stickergiant/5226802153/ 

 

Claudia completed an education as a medical assistant. She worked in this position for six years. 

When the practice closed she searched for a new job. Through a friend she learned about a vacant 

part time position (75 percent) as a teleassistant for elderly in a home emergency support centre 

and thought the offer was interesting. The payment was a little higher than what she earned as a 

medical assistant. Claudio underwent five months of job training learning about the large variety of 

different computer systems and software in use at the center, the work procedures, emergency rescue, 

and how to deal with elderly people. She had to get used to one night shift a week. But as the job 

is quite versatile and she coordinates different tasks every day and works directly with the elderly 

people, Claudia is happy with her work. She and her colleagues help elderly people who push a button 

on a home emergency support device in case of an emergency, if they need nursing, or if they fall 

and cannot get up on their own. There are peak times when the working environment is stressful be-

cause of the noise but there are also times when there are fewer people calling and Claudia can re-

lax and talk to her colleagues. Some of the elderly speak a strong dialect, mumble, or have little 

language proficiency as they were immigrants. Therefore it is sometimes hard for Claudia to under-

stand them. But she learned to handle it and somehow one always gets along with the people. Claudia 

personally knows and some of the elderly who call more often and talk a lot. With some of them she 

enjoys having a little chat if time permits. Claudia is open to new ideas and technical innovations 

so when she heard about the SRS concept, she signed up for the training. She likes the idea to see 

who she actually talks to and the robot’s camera helps her assess the severity of the situation 

when an alarm is triggered (e.g., person bleeding, lying on the floor, epileptic attack). This is 

especially useful since sometimes the persons do not speak or cannot be understood. She also some-

times uses SRS to open a front door. Without an SRS system there are often delays for the emergency 

staff to get in because they have to break the door or fetch the key from a neighbor (who is not 

always home) or from a deposit station (which can mean a longer ride). With SRS she can better meet 

the needs of the elderly and decide what should be done.  

 

Claudia’s goals: 

 Keep personal contact to her patients and do the best that she can for them 

 Try not to think about the elderly peoples’ sorrows after work 

 Stay on the cutting edge of technology 

 

Claudia’s questions: 

 What can the robot do for me, how will my tasks change? 

 Will the elderly people accept a robot in their home?  

Claudia Moreno 
Professional teleoperator 

 

Age:    31 

Job:  Teleassistance specializing in elderly custom-

ers’ needs 

Family status:  Married, one child 

Residence: 3-room apartment in the city 

Interests:  Reading, listening to music, aerobics, spending 

time with her family 
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 Will people still need me if they have the robot? 

 Will the robot be easy to use for me? 

 Will I get adequate support in case I run into a problem? 

 

4. SRS User Specification 

The following user specification formally describes the SRS target groups. The specification is the 

basis of recruitment in user studies. The development of the screening items for elderly people is 

based on a comprehensive literature review and fitted to scenarios where SRS can be beneficial for 

the users. A description of the development process is available in Section 4.5. 

4.1. Elderly People  

The following screening criteria are defined for the recruitment of elderly study participants: 

 Age: The minimum age of the elderly person should be 65. There is no maximum age. Partici-
pants of a balanced spectrum of ages should be recruited. 

 Residence: The elderly person should still live in the original, private residence. Assisted living 
facilities are excluded even if their focus is on independent living. SRS targets home scenarios 
where the family is still able and willing to act as remote operator. Elderly people living in assisted 
living facilities are likely to not fulfill this requirement.  

 Health: The elderly person must have (corrected) vision that allows reading of newspaper-sized 
letters on a handheld display. Muscle capabilities must allow using a touchscreen display. Cogni-
tive capabilities should be sufficient for operating the basic functions of standard electronic devic-
es (e.g. television, telephone). Hearing (potentially with hearing aid) should allow having a conver-
sation on a standard telephone. 

 Daily life difficulties: The elderly person should have difficulties with instrumental activities of 
daily living (IADL) addressed by the SRS scenarios. Potential elderly participants will be asked 
about their difficulties with several activities and one additional question on their risk for a case of 
emergency. Participants are admitted if they reply to at least one question with response option 3 
or higher OR if they reply to at least two questions with response option 2 or higher. 

How well can you carry out the following activities? Please rate your usual abilities over the PAST 

WEEK with the following scale: 

(1) Without ANY difficulty 

(2) With SOME difficulty 

(3) With MUCH difficulty 

(4) UNABLE to do  

 

Activity 1: Walking inside  

Activity 2: Visiting family or friends without help  

Activity 3: Preparing or cooking a hot meal without help
1
 

Activity 4: Picking up a shoe from the floor when standing and bending down 

                                                      

1
 This is based on the “prepare food” scenario and might be dropped if that scenario is dropped. 
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Activity 5: Reaching and getting down a 1-kilogram object (such as a bag of sugar) from above 

your head 

Activity 6: Carrying an object of 5 kilograms for 10 meters 

 

How would you rate your risk to get into an emergency situation at home compared to a healthy 

adult of age 45? 

(1) Risk is NOT CONSIDERABLY higher 

(2) Risk is SOMEWHAT higher 

(3) Risk is MUCH higher 

4.2. Informal Caregivers and Potential Informal Caregivers 

This user group should conform to the following criteria: 

 Caregiving and potential caregiving: The person provides care to an elderly person or would be 
willing to do so if a geographical or other hindrance that can be addressed by SRS could be over-
come. Persons who provided care in the past but no longer do can be admitted if the care ended 
no longer than one year ago. 

 Elderly person cared for: The elderly person cared for matches the criteria described in the sec-
tion on the elderly user group.  

 Personal relationship: The (potential) caregiver has a personal long-term relationship with the 
elderly person. Usually, the caregiver will have known the elderly person long before the care be-
came necessary. Most typically the informal caregiver will be the son or daughter of an assisted 
person but it might be a grandchild, spouse, friend, or neighbor. The arrangement has not been 
made with a stranger. 

 Non-financial reasons: The (potential) caregiver does not primarily have financial interests as a 
motivation for providing the care. Most typically, the caregiving person does not receive any pay-
ment for the care. Minor compensations are acceptable as long as money is a secondary reason 
for providing the care (e.g. a son or daughter receiving some money as a compensation for work 
hours lost due to the care).  

 Geographical hindrance to provide care (50%): Because SRS is particularly (though not exclu-
sively) useful for people assisting at a distance, at least 50% of recruited (potential) informal care-
givers must have had, at least occasionally, a hindrance to provide care that could be improved by 
a remote manipulation robot such as SRS. Caregivers will be asked the following question to as-
sess this:  
 
Have you in the past year sometimes wished to provide help or more help to an elderly person but 
could not due to geographical distance – for example because did not live nearby, you travelled, 
or you were at work? 
 
Response options: yes / no (details should be provided) 

4.3. Professional Teleoperators  

This user group represents an as yet non-existing profession. These users will operate SRS remotely 

and be available all around the clock. This user group is required because it needs to be ensured that 

the elderly person always has a contact point. However, informal caregivers will not always be availa-

ble (e.g. at work, on vacation, not willing, or there are no relatives). Also, certain types of interaction 

during teleoperation require a more advanced user interface and more sophisticated, immobile inte-
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raction devices which would be too complex to use for informal caregivers. Professional caregivers will 

have received training for using advanced interaction capabilities for teleoperation (e.g. advanced 

manual 3D manipulation mode, advanced teaching of procedures). Due to the costs associated, pro-

fessional caregivers will always be considered the last priority, contacted only if elderly themselves 

and informal caregivers could not solve a task with the robot. 

The work field today most similar to this future profession is teleassistance, commonly including 24-

hour availability of a call center, ad hoc appointments for teleassistance and scheduled telemonitoring 

(Vitacca et al., 2009). The SRS concept foresees that current teleassistance staff would undergo a 

short training for operating SRS remotely. For SRS user studies, current teleassistance staff will be 

recruited.  

The requirements are:  

 Type of work: The person works or worked as a direct provider of teleassistance to elderly per-
sons. Teleassistance is defined as a service provided remotely in a professional, trained way to 
elderly persons in need. Examples are handling emergency calls or giving psychological support 
via telephone. 

 Duration and time of employment: The person worked in the job for at least two months and the 
occupation did not end more than one year ago. 

4.4. Potential Future Users Not Currently Targeted 

The following user groups are not recruited for SRS user studies in order to focus initial development 

and evaluation on the most important user groups. However, they are part of the wider SRS concept 

and are considered secondary users who in the future could benefit from SRS too, possibly requiring 

some adaptations to the SRS concept and system. 

 

 Professional, qualified caregivers working in care facilities or on mobile services visiting the homes 
of elderly persons: This group is not focused in part because a major outcome of the SRS re-
quirement study was that professional caregivers showed a rejection toward the prospect of pro-
viding care through remotely operating a robot. Also, SRS aims to provide an economical and in-
dependency advantage for elderly and informal caregivers by prolonging the period and increasing 
the cases where help by a professional is not necessary. 

 Paid caregivers working in the home of a specific elderly person (one-to-one care):  These care-
givers typically live in the same house as the elderly person or close, have primarily financial in-
terests, and get paid by the family or the elderly person on a private basis. Again, SRS aims to 
prolong independent living and to extend the range of scenarios where a professional caregiver is 
not needed.  

 Non-elderly: Younger disabled people could benefit from SRS in the future too (e.g. people bound 
to a wheelchair, with multiple sclerosis, paraplegia, and muscle-related impairments) 

4.5. Development of Items for Screening Elderly Users 

In order to obtain screening criteria for elderly SRS users, we reviewed 84 health measurement in-

struments that measure such concepts as impairment, disability, handicap, frailty, mental status, or 

general health for suitability. 62 of them were reviewed by McDowell (2006) and 7 by Levers et al. 

(2006). Those reviews specified validity and reliability requirements for the inclusion of instruments.  

SRS with its focus on manipulation capabilities is mainly useful for people with physical (not mental or 

psychological) restrictions. Furthermore, questionnaires measuring mental status are often long and 

can be unpleasant for participants. We therefore decided not to control for the variable of cognitive 
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status other than by the age variable (participants from a wide spectrum of ages shall be recruited). 

Thus, the likelihood for participants with age-related changes in cognitive performance to be included 

in the samples is analogous to the frequency that these changes are present in the population.  

Physical functional ability scales can be classified (McDowell, 2006) as measuring impairment (physi-

cal capacities like balance, sensory abilities), disability (possible restrictions as a consequence of im-

pairment, e.g. walking), or handicap (social disadvantages that may arise from disability, e.g. loss of 

earnings). Disability and handicap scales seemed more relevant as SRS directly addresses certain 

ones. Selecting participants by impairments would be unreliable because not every impairment will 

result in a restriction of daily life activities (e.g. impaired vision can be corrected by wearing glasses).  

The disability and handicap scales can be further distinguished into scales measuring basic activities 

of daily living (ADL) like dressing, urinating, eating (e.g. Katz or Barthel indices focusing on primary 

biological functions) and scales measuring instrumental activities of daily living (IADL) like shopping, 

cooking, managing money. We considered difficulties with IADL the relevant criterion. Therefore, at 

this point, the number of eligible instruments was reduced to 10 (see Table 1).  

However, the remaining instruments were either too long (containing too many questions) to be used 

during recruitment or when carrying out a study or did not cover all aspects relevant for SRS. We con-

sidered relevant aspects those related to the chosen SRS scenarios (fetch and carry and general ma-

nipulation like opening doors, video call, emergency assistance, preparing meals, reaching objects 

located high or low, carrying heavy objects, helping to stand up, and tidying up). While in the future, an 

SRS robot could be useful for many, if not all, elderly users with difficulties in carrying out IADL, the 

SRS consortium prioritized certain scenarios for initial implementation according to criteria such as 

user needs and hardware capabilities of the demonstrator platform (see scenario revision document 

for details on scenario selection).  

The selection of SRS scenarios has implications for the targeted users of the demonstrator. Elderly 

users should benefit from the scenarios and therefore should have disabilities corresponding to them. 

Therefore, all items contained in the 10 remaining instruments were evaluated for their relevance for 

the SRS scenarios. For each SRS scenario relevant items were found, giving further support to the 

appropriateness of the selected SRS scenarios.  

The result is shown in Table 3. 34 items were considered relevant. They are listed with their source 

and the corresponding SRS scenario. These 34 were then grouped and consolidated. The right col-

umn of Table 1 shows the derived 6 items. These items are meant to be rated with the scale used by 

Fries et al. (1982) which has 4 response options: (1) Without ANY difficulty; (2) With SOME difficulty; 

(3) With MUCH difficulty; (4) UNABLE to do. One additional question was developed for the SRS 

emergency assistance scenario because this scenario does not relate to a specific IADL: “How would 

you rate your risk to get into an emergency situation at home compared to a healthy adult of age 45?” 

Response options are: (1) Risk is NOT CONSIDERABLY higher; (2) Risk is SOMEWHAT higher; (3) 

Risk is MUCH higher. 

The 7 questions developed certainly should not be considered an instrument for measuring a com-

plete concept like disability or frailty. Instead they address a fraction of such concepts – the fraction 

relevant for SRS. Therefore, they can be considered a pragmatic and adequate method for SRS sam-

ple selection. 

 

Table 3: Relevant items in assessment instruments and derived SRS screening items 

Instrument 

Reference 

Relevant Item for an SRS Scenario Corresponding SRS 

Scenario(s) 

Derived SRS 

Screening Item 

McWhinnie Can you move between rooms? Fetch and carry / 

open door / general 

Activity 1: Walking 
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(1981) manipulation; tidy up; 

emergency 

inside 

Jette (1980) Walking inside Fetch and carry / 

open door / general 

manipulation; tidy up; 

emergency 

Fries et al. 

(1982) 

Are you able to open car doors? (4 response 

options) 

Fetch and carry / 

open door / general 

manipulation 

Hébert et al. 

(2001) 

Walking inside: Walks independently (with or 

without cane, prosthesis, orthosis, or walker) // 

does not walk (the two extremes of 4 response 

options) 

Fetch and carry / 

open door / general 

manipulation; tidy up; 

emergency 

Fillenbaum 

(1988) 

Can you walk without help (except for a cane) 

// Or are you completely unable to walk (the 

two extremes of 3 response options) 

Fetch and carry / 

open door / general 

manipulation; tidy up; 

emergency; Video 

call 

Lawton & 

Brody (1969) 

Physical ambulation: Goes about grounds or 

city // Bedridden more than half the time (5 

response options) 

Video call Activity 2: Visiting 

family or friends 

without help 

Lawton & 

Brody (1969) 

Mode of transportation: Travels independently 

on public transportation or drives own car // 

Does not travel at all (5 response options) 

Video call 

Garrad & 

Bennett (1971) 

Do you walk outdoors in the street (with crutch 

or stick if used)? (multiple response options) 

Video Call 

Charlton et al. 

(1983) 

Getting outside the house without help Video call 

Charlton et al. 

(1983) 

Crossing the road without help Video call 

Charlton et al. 

(1983) 

Traveling on a bus or train without help Video call 

Charlton et al. 

(1983) 

Visiting family or friends without help Video call 

Jette (1980) Visiting with friends or relatives Video call 

Jette (1980) Driving a car Video call 

Pfeffer et al. 

(1984) 

Travel out of neighbourhood; driving; walking, 

arranging to take or change buses and trains, 

planes (6 response options) 

Video call 

Fries et al. 

(1982) 

Are you able walk outdoors on flat ground? (4 

response options) 

Video call 

Stewart & 

Kamberg 

(1992) 

Walking more than a mile; Walking several 

blocks; Walking one block (each with 3 re-

sponse options) 

Video call 
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Stewart & 

Kamberg 

(1992) 

When you travel around your community, does 

someone have to assist you because of your 

health? (5 response options) 

Video call 

Stewart & 

Kamberg 

(1992) 

Are you able to use public transportation? (3 

response options) 

Video call 

Hébert et al. 

(2001) 

Moving around outside: Walks independently 

(with or without cane, prosthesis, orthosis, or 

walker) // Cannot move around outside (must 

be transported on a stretcher) (the two ex-

tremes of 4 response options) 

Video call 

Hébert et al. 

(2001) 

Transportation: Able to use transportation 

alone (car, adapted vehicle, taxi, bus, etc.) // 

Must be transported on a stretcher (the two 

extremes of 4 response options) 

Video call 

Fillenbaum 

(1988) 

Can you get to places out of walking distance 

without help (can travel alone on buses, taxis, 

or drive your own car // Or are you unable to 

travel unless emergency arrangements are 

made for a Fillenbaum (1988)specialized ve-

hicle like an ambulance? (the two extremes of 

3 response options) 

Video call 

Lawton & 

Brody (1969) 

Food preparation: Plans, prepares and serves 

adequate meals independently / heats and 

serves prepared meals… / Needs to have 

meals prepared and served (5 response op-

tions) 

Prepare meal Activity 3: Prepar-

ing or cooking a hot 

meal without help 

Garrad & 

Bennett (1971) 

Do you do your own cooking? Prepare meal 

Charlton et al. 

(1983) 

Preparing or cooking a hot meal without help Prepare meal 

Pfeffer et al. 

(1984) 

Heat the water, make a cup of coffee or tea, 

and turn off the stove (6 response options) 

Prepare meal 

Pfeffer et al. 

(1984) 

Prepare a balanced meal (e.g., meat, chicken 

or fish, vegetables, dessert) (6 response op-

tions) 

Prepare meal 

Hébert et al. 

(2001) 

Meal preparation: Prepares own meals inde-

pendently // Does not prepare meals (the two 

extremes of 4 response options) 

Prepare meal 

Fillenbaum 

(1988) 

Can you prepare your own meals without help 

(plan and cook full meals yourself // Or are you 

completely unable to prepare any meals? (the 

two extremes of 3 response options) 

Prepare meal 

McWhinnie 

(1981) 

Can you (when standing), bend down and pick 

up a shoe from the floor? 

Low objects Activity 4: Picking 

up a shoe from the 

floor when standing 
Jette (1980) Reaching into low cupboards Low objects 
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Fries et al. 

(1982) 

Are you able to bend down to pick up clothing 

from the floor? (4 response options) 

Low objects and bending down 

Fries et al. 

(1982) 

Are you able to reach and get down a 5 pound 

object (such as a bag of sugar) from above 

your head? (4 response options) 

High objects Activity 5: Reaching 

and getting down a 

1-kilogram object 

(such as a bag of 

sugar) from above 

your head 

McWhinnie 

(1981) 

Can you carry an object of 5 kilos for 10 me-

tres? 

Heavy objects Activity 6: Carrying 

an object of 5 kilo-

grams for 10 me-

tres 

 

  



 

 

 

23 

5. User Interface Requirements 

This section summarizes the requirements for the remote user interfaces for the SRS robot system. 

They are based on SRS deliverables D1.1 and D1.3 and the associated tasks (in particular task 2.3). 

The requirements serve as input for the realization of the SRS user interfaces carried out in task 5.1 

and reported in Deliverable D5.1 “SRS user interface and core system implemented”. 

In addition to the aforementioned deliverables, the following documents also served as input: 

 SRS Interaction Requirements and Suitability of Interaction Device Configurations (HDM) 

 SRS Function Specification (CU, IPA, BED, HDM, HPI, IMA) 

 SRS List of Actions (IPA, IMA) 

 Draft SRS User Interface Functional Specification (BAS, HPI) 

 SRS Scenario Description (HDM, IPA, FDC, IMA) 

5.1. Requirements for UI Local Elderly User (UI_LOC) 

Basic Assumptions: 

It is assumed that the local user (“LOC”) uses a small and mobile device which is always easy reach-

able. Main interaction with the SRS robot takes place with this interface – the interface integrated with 

the robot (i.e. the existing COB interface for the SRS demonstrator) is only used for additional output 

information (e.g. robot status, information about next activity – i.e. in order to avoid unforeseen move-

ment of robot platform or manipulator, error messages, etc.). 

 

General requirements: 

UI_LOC1: Wireless communication with robot (via base station) 

UI_LOC2: Small, lightweight and mobile (“portable”) 

UI_LOC3: Intuitive interface – preferably without additional devices (i.e. touch-screen functionality) 

UI_LOC4: Wireless communication with PRI or PRO (preferably video communication) 

 

Requirements for main operation: 

UI_LOC5: Accept/deny remote operation 

 Information in case of PRI or PRO desiring to log in 

 Possibility to refuse or accept connection, or information about subsequent login 
 

UI_LOC6: Selection and start of task 

 Simple and intuitive menu structure – e.g. by using cascaded menus and icons – for selection 
of tasks 

 Tasks grouped according to task type (bring tasks, monitoring tasks, etc.) 
 

UI_LOC7: Selection of parameters for a specific robot task 

 Examples: which object to bring, where to bring, which meal to prepare (e.g. selection list), etc. 
 

UI_LOC8: Stop action (Emergency Stop functionality) 

 No “Emergency Stop” related to requirements from standards due to wireless communication 

 Reliability as high as achievable (communication watchdog, etc.) 
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UI_LOC9: “Localization” of LOC position 

 In general, there are several possibilities for LOC localization – e.g. identification via WLAN 
data. Realization of such localization functionality is not in the focus of SRS. This, a more sta-
ble option will be used for the SRS prototype, i.e. the location of the target position for the se-
lected task (might be the LOC location, but can also be location of a desired table, etc!) will be 
defined by the user with an appropriate UI function. 
 

UI_LOC10: Selection of desired object for grasping tasks 

 If not specified as part of the task parameters, the robot sends a 2D image of the available ob-
jects and the LOC simply selects the desired object by tapping on it. Using different segmenta-
tion techniques - like region growing method, edge detection, etc. – the contour of the selected 
object will be marked and user should confirm. 

 

UI_LOC11: Display of basic robot status messages 

 No details – only basic data like connection status, battery status, BASIC error message 

 

UI_LOC12: Display of control status (autonomous mode, remote-operated mode) 

 Level of autonomy must be clearly visible – i.e. LOC must know without any doubt if SRS ro-
bot is in remote control mode 

 

UI_LOC13: Display of next robot activity (especially when in remote-operated mode) 

 Serves as a “warning” in order to know which kind of action the robot will perform next 

 

5.2. Requirements for UI Remote Informal Caregiver (UI_PRI) 

Basic Assumptions: 

It is assumed that the private caregiver (PRI) uses a medium-sized mobile user interface which is al-

ways available. Interaction with the SRS robot takes place with this interface only. Communication 

with the SRS robot system uses standard communication technology like mobile Internet or similar 

technology. 

 

General requirements: 

UI_PRI1: Wireless communication with robot (via base station) 

UI_PRI1: Small, lightweight and mobile (“portable”) 

UI_PRI1: Intuitive interface – preferably without additional devices (i.e. touch-screen functionality) 

UI_PRI1: Wireless communication with LOC (preferably video communication) 

 

Requirements for basic remote operation: 

UI_PRI1: Login to remote operation 

 Standard case: PRI will be contacted by the SRS system (or manually by the LOC) in case of 
an exceptional situation 

 Optional case: PRI wants to log in to the SRS system. For successful connection the LOC 
needs to accept the login, there can be situations (defined for each SRS installation separate-
ly) where such login also can be done without such acceptance. 
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UI_PRI2: Switching back to fully autonomous mode (after remote intervention) 

 Switching back to autonomous mode is only possible if all pre-conditions for the next action 
are fulfilled. 

 

UI_PRI3: Selection and start of task 

 Similar functionality as for UI_LOC 

 

UI_PRI4: Selection of parameters for a specific robot task 

 Similar functionality as for UI_LOC 

 

UI_PRI5: Stop action (Emergency Stop functionality) 

 Similar functionality as for UI_LOC 

 

UI_PRI6: Showing robot position in (2D) map 

 Position and orientation of the mobile platform in 2D map (needs scrolling/zooming/panning 
functionality in order to show part of the map on a small display) 

 

UI_PRI7: Showing environment around robot (camera image and/or 2D/3D model of environment) 

 Option 1: Map information (2D) around robot and overlay with sensor data (see UI_PRI8 be-
low) 

 Option 2: Camera image in driving direction 

 Possible implementation: only Option 1 or switching between Option 1 and Option 2 

 Proposal for implementation: overlay with planned trajectory (maybe also calculated envelope) 
and possibility to modify trajectory manually (moving of particular segments of the trajectory) – 
see also UI_PRI10 

 

UI_PRI8: Overlay of sensor data (e.g. obstacle detection) at displayed robot environment 

 See UI_PRI7 above 

 

UI_PRI9: Selection of desired object for grasping tasks  (in 2D image) 

 Similar functionality as for UI_LOC (UI_LOC10) 

 

UI_PRI10: Remotely guiding of mobile platform to desired positions based on autonomous robot con-

trol 

 Selection of pre-defined target or target position in map + trajectory planning “high level na-
vigation” 

 Start of movement (optional: with permanent confirmation) by means of UI_PRI 

 

UI_PRI11: Remotely guiding of mobile platform to desired positions based on semi-autonomous robot 

control (sensor based movement) 

 Moving of mobile platform using a “graphical joystick” (for example) 

 Input of PRI will be re-mapped based on sensor information (e.g. reduction of speed based on 
measured distance to obstacles) 

 

UI_PRI12: Remotely guiding of manipulator to desired (grasp) positions based on autonomous robot 

control 
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 Selection of target object on 2D image (see UI_PRI9) and trajectory planning 

 Start of movement (optional: with permanent confirmation) by means of UI_PRI 

 

UI_PRI13: Control of robot camera (angle, zoom) for monitoring tasks 

 Proposal for implementation: graphical joystick (see above) 

 

UI_PRI14: Display of basic robot status messages 

 Similar functionality as for UI_LOC (UI_LOC11) 
 
 

5.3. Requirements for UI Professional Remote Operator (UI_PRO) 

Basic Assumptions: 

It is assumed that the professional user (“PRO”) uses hardware installed in a 24hrs service center. 

Mobility thus is not required for such a setup – the focus for the UI_PRO is on functionality and high-

fidelity input/output systems. Communication with the SRS robot system uses standard communica-

tion technology like high-speed Internet. 

 

General requirements: 

UI_PRO1: Wireless communication with robot (via base station) 

UI_PRO2: Full 3D input (preferably with force-feedback) for remote control of manipulator; optional: 

3D output with data overlay (augmented 3D output) 

UI_PRO3: Wireless communication with LOC (preferably video communication) 

 

Requirements for advanced remote operation: 

UI_PRO4: Login to remote operation 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO5: Switching back to fully autonomous mode (after remote intervention) 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO6: Selection and start of task 

UI_PRO7: Selection of parameters for a specific robot task 

UI_PRO8: Definition/modification of parameters for a specific robot task  

 Parameters must be uploaded to local base station after modification 

 

UI_PRO9: Selection and start of sub-task (=action) 

 Task is structured to sub-tasks/actions. Each action has pre- and post-conditions. Execution of 
particular sub-tasks must consider these conditions. 

 

UI_PRO10: Modification/definition of (new) robot tasks (i.e. assembly of a new task based on existing 



 

 

 

27 

actions, definition of action sequence and pre/post conditions, etc.) and upload to SRS base station -- 

OPTIONAL 

UI_PRO11: Stop action (Emergency Stop functionality) 

UI_PRO12: Showing robot position in (2D) map 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO13: Showing environment around robot (camera image and/or 2D/3D model of environment) 

 Similar functionality as for UI_PRIV (see above) 

 Display of robot and robot environment in different views like described for UI_PRI7 – due to 
the bigger possible size of the display both views (3D model as well as camera view) can be 
active simultaneously 

 Option: full 3D display 

 Additional overlay of important status information -- e.g. approach vector robot, forces, dis-
tance to object, etc. 

 

UI_PRO14: Overlay of sensor data (e.g. obstacle detection) at displayed robot environment 

 See UI_PRI7 above. 

 

UI_PRO15: Correction of wrong localization data for mobile platform 

 In case of wrong robot self localization, PRO can manually move the robot to a definite posi-
tion and reset localization information 

 

UI_PRO16: Update of map (e.g. inserting/removing of static obstacles, definition of no-go areas, defi-

nition of new target positions, etc.) 

 If environment at LOC site is changing (e.g. new or moved obstacles) PRO can update and 
upload the map so that this information can be considered for subsequent trajectory planning 
procedures 

 

UI_PRO17: Modification/overruling of planned trajectories for the mobile platform 

 Example: no valid trajectory because of safety margin between obstacle and robot for “stan-
dard” trajectory planning – PRO can overrule safety margin and execute (possibly risky) 
movement with reduced speed and permanent monitoring of sensor data 

 

UI_PRO18: Selection of desired object for grasping tasks (either in 2D image and/or in 3D point cloud) 

 Similar functionality as for UI_PRIV (see above) 

 If image segmentation in 2D image is not working  manual segmentation 

 If automatic mapping of 2D object selection to 3D point cloud is not working  manual seg-
mentation of “search space” in 3D point cloud 

 

UI_PRO19: Modification/overruling of planned grasping configuration 

UI_PRO20: Adding/modification of object database (e.g. grasp configurations, shape) – including 

teaching of new objects (REMARK: concrete procedure TBD in order to design the connected UI func-

tion(s) accordingly) 

UI_PRO21: Initiation of 3D map update (for subsequent trajectory planning) 

UI_PRO22: Remotely guiding of mobile platform to desired positions based on autonomous robot 

control 

 Similar functionality as for UI_PRIV (see above) 
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UI_PRO23: Remotely guiding of mobile platform to desired positions based on semi-autonomous ro-

bot control (sensor based movement) 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO24: Remote-operation of mobile platform in fully manual mode (i.e. also without collision 

avoidance) 

 If the two aforementioned types of platform movement are not working (e.g. because of possi-
ble collision or because of wrong/instable sensor reading)  fully manually mode (without ob-
stacle avoidance) 

 Example: Robot pushes away a light obstacle which blocks the only possible route  desired 
“collision” or overruling active collision avoidance 

UI_PRO25: Remotely guiding of manipulator to desired (grasp) positions based on autonomous robot 

control 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO26: Remotely guiding of manipulator to desired (grasp) position based on semi-autonomous 

robot control (sensor based movement) 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO27: Remote-operation of manipulator in fully manual mode (i.e. also without collision avoid-

ance) in different coordinate frames 

 Full remote control of manipulator arm 

 Option: collision detection before execution of movement (similar to teleoperation for space 
robotics) – Advantage: safe movement; Drawback: time consuming 

 Feedback via updated 3D model of environment and robot (option: generation of force-
feedback based on calculated distance to obstacles) and/or camera information 

 Augmentation of 3D information (see UI_PRO13 and UI_PRO14) 

 Switching between coordinate frames: Joint coordinates and Cartesian coordinates (preferably 
TOOL coordinate system) 

 

UI_PRO28: Control of robot camera (angle, zoom) for monitoring tasks 

 Similar functionality as for UI_PRIV (see above) 

 

UI_PRO29: Remotely open/close gripper 

UI_PRO30: Display of detailed robot status messages (joint positions, limits, etc.) 

 As image overlay (see above) and/or in a separate part of the screen 
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6. Conceptual Design and Testing of User Interfaces 

To guide user interface development, conceptual designs for UI_LOC, UI_PRI, and UI_PRO have 

been generated. The main component of each conceptual design is a user interface “clickdummy”, i.e. 

an interactive showcase of how the final product would look like and behave, however with restricted 

functionality (e.g. the robot cannot really be controlled but control is visualized using a video). The 

clickdummies are accompanied by “delta documents” detailing features not directly visible in the click-

dummy. The UI_LOC and UI_PRI clickdummies were tested with representative users in a usability 

test. Based on the results improved versions were generated. Due to later scheduling of UI_PRO de-

velopment according to the SRS “Description of Work” document, the UI_PRO clickdummy is still in its 

first iteration at the time of writing and has not been tested so far.  

This section reports on the process and state of the iterative design, testing, and improvement of the 

three SRS user interface conceptual designs.  

6.1. User Interface for Local Elderly Users (UI_LOC) 

In accordance with the SRS concept (see Section 1.1), the user interface for elderly people on an iPod 

Touch-like device mainly includes functionality to control autonomous functions of the robot. The user 

selects a service such as fetching an object or opening a door and the robot navigates and manipu-

lates autonomously. Robot services may include variables such as varying objects the user can speci-

fy to have fetched. If the robot encounters a problem, a remote operator is called for help. The local 

user can also call someone by himself. Another important component of UI_LOC is the emergency 

function.  

 

First UI Iteration 

The first version of the UI_LOC clickdummy featured four main menu buttons (see Figure 6, lower left, 

showing the German version): “Objects”, “tasks”, “contacts”, and “emergency call”, providing access to 

the main functional areas. “Objects” contained the robot’s known objects database where the user was 

able to perform various actions with the objects such as fetching them and tidying them up. “Tasks” 

contained the autonomous services such as laying a table or preparing food (with the exception of 

standard “fetch and carry” as this was located under objects). “Contacts” provided the calling functio-

nality and “emergency call” the emergency functionality where a professional operator would be called 

and the robot moves to the emergency site in the apartment for the operator to assess the health sta-

tus and possibly provide further services.  

 

Usability Test: Method 

The usability test of the first version of the UI_LOC clickdummy was carried out at Stuttgart Media 

University’s user experience lab in Stuttgart, Germany. Five elderly users (four female, one male, age 

from 71 to 91, average 79) participated in the test. They matched the SRS target group specification 

(see Section 4.1) and thus still lived in their own residence and had difficulties with some of the daily 

life activities addressed by SRS.  

The following methods were used: 

 Think aloud 

 Observation of behavior  

 Interview 
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The UI_LOC usability test was carried out in conjunction with the UI_PRI usability test so that partici-

pants could test and compare both user interfaces (the first version of UI_PRI was intended for poten-

tial use by skilled elderly participants too). A UI_LOC test session lasted about 30 minutes and the 

whole test about 90 minutes. The following procedure describes the course of a test session: 

 Greeting, explaining lab, offer drinks, incentive, informed consent, ... 

 Sociodemographic questionnaire ensuring that participant is within SRS target group specifi-

cation 

 Introduction to SRS concept (pictures, explanations) 

 Practice: touch interaction & think-aloud 

 UI_PRI test (carrying out several tasks from scenario „fetch and carry“, e.g. „Please make the 

robot fetch a bottle of water and the orange cup from the kitchen.“ 

 UI_PRI concluding interview (3 positive, 3 negative aspects overall) 

 AttrakDiff questionnaire for UI_PRI 

 UI_LOC test: four tasks - having the robot fetch a book from a shelf, calling a person, having 

the robot prepare a meal, placing an emergency call after a fall 

 UI_LOC concluding interview (3 positive, 3 negative aspects overall) 

 

Verbal protocols were generated and analyzed qualitatively for usability problems. Usability problems 

were rated for severity. 

 

Usability Test: Summary of Results 

Overall reception and usability of UI_LOC was fairly good. The user interface concept was compre-

hensible and seemed suitable overall. Still, some room for improvement was found. 12 usability prob-

lems were detected. The most severe ones are described subsequently: 

 Navigation: some participants could not find the way back to the main menu (e.g. because 

English-language word “home” was used in back navigation or because the back button was 

not found) 

 Some clickpaths were perceived as too long to reach the goal (see bottom of Figure 6 for an 

example) or it was perceived difficult or lengthy to get back to the main menu 

 Too much irrelevant information on the screen 

o e.g., participants did not see dialog “Robot is carrying out the task” because a list was 

still shown while waiting (see top left of Figure 6, blue area) 

o e.g., participants did not understand confirmation dialog after task execution because 

a list was still shown behind the pop-over (see top right of Figure 6) 

 Size of text and buttons was too small in some areas of the UI (however the four large buttons 

on the main screen were received very well) 
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Figure 6: Three examples of usability problems in UI_LOC (top left: blue notification not seen 

because of other currently irrelevant information on the screen; top right: list behind pop-over 

was conceived of as still active; bottom: clickpaths perceived as too long) 

 

Design Changes for Second UI Iteration 

The following table describes the changes made to UI_LOC when constructing the second version of 

the clickdummy. Some changes were made in response to the usability test results, some in order to 

achieve consistency with UI_PRI, others because new ideas were incorporated. 

 

Table 4: UI_LOC design changes after usability test 

# Measure for UI_LOC v2 Rationale 

1 General measure: larger fonts and buttons, esp. “Back” buttons Problems 1 and 4 

2 General measure: Shorter “Back” click paths, maximum of 2 to get back to 

main screen 

Problem 1 

3 General measure: no more English words like “home” in localized language 

UI; no more technology-related language but instead human-like language 

(e.g. Yes/No instead of OK and Cancel) 

Problems 3 and 11 

4 General measure: no more popover messages but instead step-by-step 

screens only showing the currently relevant information 

Problems 2, 5, 6, 7 
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5 Start screen: join “tasks” and “objects” into “Robot services”: new layout: 

horizontal buttons,  first Robot Services, then “Make Call” (not Contacts), 

then “Emergency” (red); buttons nearly fill the whole screen 

Problem 8; 

Consistency with UI_PRI 

6 No more letters in lists (A, B, C…) 

 

Consistency with UI_PRI 

7 New design of “bring object” function using less “back” clicks and more step-

by-step instructions without popovers 

Problems 1, 2, 5, 6, 7 

8 Dedicated status screen of robot task execution: status screen shows de-

tailed current activity and stop button 

Problems 2, 3, 6, 7 

9 Show object pictures in object lists instead of text only Consistency with UI_PRI 

10 Larger “Back” buttons Problems 4 and 5 

11 Menu “Robot services”: introduce “favorites” logic similar to UI_PRI (no more 

“favorites” button at the bottom but favorites are always shown at the top of 

the list 

Consistency with UI_PRI 

12 Simplify video calling function: place call buttons right next to names (remove 

dedicated calling screen of each person to be called) 

Problem 9; 

Consistency with UI_PRI 

13 Emergency function: change wording of confirmation screen to “Yes” / “No” 

and explain that the 24-hour service will be called if “Yes” is chosen.  

Problems 3 and 11 

14 Emergency function: introduce screen asking for current position of user (to 

be shown during wait time when emergency call is placed but 24-hour ser-

vice has not yet answered so that the robot can move to the user’s position) 

Extension of current 

clickdummy to show 

more complete functio-

nality 

15 Screen visualizing incoming call of family member Extension of current 

clickdummy to show 

more complete functio-

nality 

16 Introduce help dialogs when robot encounters a problem: (1) Show photo of 

robot’s current field of view in case object cannot be found at location sus-

pected by robot; user can tap on object to reduce search space or (2) select 

an alternative location to search for the object (from a list of previous loca-

tions or from a textual list of rooms and places in the apartment) or (3) place 

an assistance request to UI_PRI or UI_PRO. If the robot encountered a prob-

lem that is not related to finding the object, option 3 is displayed right away. 

After option 3, the user can select whom to call (UI_PRI / UI_PRO). 

Extension of current 

clickdummy to show 

more complete functio-

nality ; introduce a new 

idea of simple assistance 

by elderly user 

17 Introduce a screen where the user can select variables of task execution, e.g. 

“prepare food” asking for the type of food to be prepared and where to place 

it when ready 

Extension of current 

clickdummy to show 

more complete functio-

nality 
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Second UI Iteration & Outlook 

Figure 7 gives an impression of the second iteration of UI_LOC where the design changes mentioned 

in the previous subsection are incorporated. The next step will be for the developers to produce a real 

(non-clickdummy) version of the user interface. That UI_LOC version will then undergo usability test-

ing again (see Section 1.3 for schedule). 

 

   

New home screen with objects and 

tasks menus joined (in response to 

UI_PRI test results) 

 

Robot services screen with favorite 

service on the top (blue star) 

New basic “bring object” functio-

nality reducing the UI path depth 

   

New robot service status screen 

without irrelevant information 

New functionality: User can provide 

basic help with object detection in 

case of a detection problem 

 

Incoming call 

 

Figure 7: UI_LOC clickdummy v2 screenshots 
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6.2. User Interface for Remote Informal Caregivers (UI_PRI) 

Informal caregivers are the first instance to be contacted in case the robot encounters a problem in 

autonomous task execution or if a task cannot be solved at all using autonomous behavior. The capa-

bilities of the UI_PRI user interface are situated between UI_LOC and UI_PRO. Meant for implemen-

tation on a tablet computer such as the iPad, this user interface device is still highly portable, has 

access to mobile Internet, and can always be left on for constant reachability. Due to the larger screen, 

more sophisticated interaction can take place. However, fully manual functions such as operating the 

robot arm ore highly complex action sequence editing as in UI_PRO is not present. The target group is 

novices who should not need any training for operating the UI.  

 

First UI Iteration 

The first iteration of the UI_PRI clickdummy was based on a scenario where a family member was 

helping an assisted elderly person by fetching and teaching several objects in the apartment. The 

robot could be sent to new locations by using a room plan or using the robot’s RBG cameras and na-

vigating manually. Manual remote video-based navigation of the robot was simulated by showing the 

navigation controls and playing videos in the UI that showed the robot moving in the apartment (see 

left of Figure 8). In the video image, recognized objects were highlighted using augmentation. These 

could be selected and fetched. The main navigation contained the following menu items: “Contacts” 

for calling elderly persons or 24-hour professional service; “Control” for manual RGB-video-based 

navigation, performing actions on augmented objects, and teaching new objects with an approach 

where a generic object from a library was placed on top of the video image and a point cloud image in 

3D; “Objects” for access to the known objects database and performing actions like fetching or renam-

ing objects; “Tasks” for autonomous robot services including basic editing functions; “Status SRS” for 

status information like battery status or firmware version of robot; and “Settings” for settings like set-

ting a password for the UI to prevent children from using it.  

 

 

Figure 8: UI_PRI clickdummy version 1 (German) – on the left "control" tab with highlighted 

recognized bottle in the video image and user-selectable options for this object; on the right 

room plan (also in “control” tab) with robot starting to navigate to living room 
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Usability Test: Method 

The usability test of the first version of the UI_PRI clickdummy was carried out at Stuttgart Media Uni-

versity’s user experience lab in Stuttgart, Germany. The UI_PRI usability test was carried out in con-

junction with the UI_LOC usability test so that participants could test and compare both user interfaces. 

The first version of UI_PRI was tested with elderly participants too because it was considered that a 

small share of elderly users might be able to handle the additional complexity of UI_PRI and could 

thus be equipped with this advanced-functionality device. 

Twelve users - seven informal caregivers (six female, one male, age from 46 to 62, average 53) and 

five elderly users (four female, one male, age from 71 to 91, average 79) participated in the test. They 

matched the SRS target group specification (see Sections 4.1 and 4.2), so e.g. relatives assisted el-

derly who still lived in their own residence and had difficulties with some of the daily life activities ad-

dressed by SRS.  

The following methods were used: 

 Think aloud 

 Observation of behavior  

 Interview 

 User experience questionnaire „AttrakDiff“ 

 

A UI_PRI test session lasted about 60 minutes and the whole test about 90 minutes. The following 

procedure describes the course of a test session: 

 Greeting, explaining lab, offer drinks, incentive, informed consent, ... 

 Sociodemographic questionnaire ensuring that participant is within SRS target group specifi-

cation 

 Introduction to SRS concept (pictures, explanations) 

 Practice: touch interaction & think-aloud 

 UI_PRI test (carrying out several tasks from scenario „fetch and carry“, e.g. „Please make the 

robot fetch a bottle of water and the orange cup from the kitchen.“ 

 UI_PRI concluding interview (3 positive, 3 negative aspects overall) 

 AttrakDiff questionnaire for UI_PRI 

 UI_LOC test: four tasks - having the robot fetch a book from a shelf, calling a person, having 

the robot prepare a meal, placing an emergency call after a fall 

 UI_LOC concluding interview (3 positive, 3 negative aspects overall) 

 

Verbal protocols were generated and analyzed qualitatively for usability problems. Usability problems 

were rated for severity. 

 

 

 

 

 

 



 

 

 

36 

Usability Test: Summary of Results 

Overall, 33 usability problems were detected. The most severe problematic areas were:  

 Elderly participants were vastly overcharged overall; the UI was far too complex for all elderly 

users; often the moderator had to guide the participants to a degree that he or she provided 

the answer for every next step to be taken 

 Teaching by 3D model placement (see Figure 9 for the steps required in the UI):  

o Was perceived as too complex with high failure rates (participant after the scene ro-

tated and showed a point cloud view from the side: “Is the cup now broken?”, “Did the 

robot shift its position?”) 

o The purpose of teaching the robot was not understood (participants seemed to expect 

technology that works “out of the box”); statements: “Why do I have to teach the ro-

bot? It’s a robot! It should know how to do it.” 

o The button for the generic object library was not thought to be relevant for the teach-

ing task 

  Main navigation logic: Difference between control, tasks, objects was often not understood 

(purpose of the menu items), even though we had participants explore all tabs beforehand 

(e.g. some participants always wanted to go to "objects" to do something, others always to 

"tasks" when they should have used "control”) 

 Video-based control:  

o Object manipulation in video scene view: possibility to interact with objects not dis-

covered (blue line around bottle) 

o Navigation and camera view adjustment controls confused 

o Status for “Objects on tray” expected (in general: more guidance and system state 

feedback) 

 Purpose of connecting and disconnecting to/from the robot was not understood, button not 

found; also the robot was expected to be shown on room plan before connecting 

 UI labeling often too technology-minded 

 Some users had problems with automatic switching from room plan to video scene view 

 Robot was expected to return to its parking position autonomously after remote control is fi-

nished 

 

 

         

Figure 9: Problematic steps while teaching an object using 3D generic object placement 
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Despite a fair amount of usability problems occurring, most participants were still in favor of the user 

interface retrospectively. The AttrakDiff user experience questionnaire (Burmester et al., 2007; 

www.attrakdiff.com) results show a positive overall impression of UI_PRI. Participants were asked to 

strictly judge the user interface (“robot control”), not the robot itself. 

The AttrakDiff instrument measures four dimensions of the user experience:  

 

1. Perceived pragmatic quality (PQ) – usability (effectiveness and efficiency) 

2. Perceived hedonic quality (HQ) 

a) Perceived hedonic quality – stimulation (HQ-S): This quality is based on the effort of people to 

grow in their knowledge and personality and to become better. The underlying motive is curiosity.  

b) Perceived hedonic quality – identity (HQ-I): The product is able to emphasize and complete 

the users’ personality. The product helps the user to express that he belongs to a specific group of 

people. 

3. Attractiveness (ATT)  

Based on the perceived qualities, users form an overall judgment of the product (“good” or “bad”). This 

overall rating is measured as „attractiveness“. 

 

Results show a very good but not excellent result. As can be observed in the right of Figure 10, the 

reason why UI_PRI was not rated as “desired” overall is due to a mediocre result in the pragmatic 

dimension (usability). Thus, there is a good chance that the rating will improve if the detected usability 

problems are removed in the user interface. Average values for the single semantic differentials (word 

pairs) can be observed in Figure 10. It is interesting to note that except for the first two word pairs, 

none are in the negative (left) area. Participants judged the user interface to be quite technical and not 

really simple. On the other hand, they thought it is very “presentable”, “innovative”, and “stylish”.  

 

 

        

Figure 10: AttrakDiff results: Portfolio with average values of dimensions PQ and HQ (left); 

diagram of average values for dimensions (right) 
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Figure 11: AttrakDiff results: average values for word pairs 

 

Design Changes for Second UI Iteration 

The second version of UI_PRI was a large overhaul with several basic changes. The following list 

describes some of the changes made: 

 Removed elderly users as potential target group for UI_PRI 

 New navigation logic: reduced number of main menu items to four; e.g. joined “objects” and 

“tasks” into “robot services”; focus on room plan-based navigation, video-based navigation 

and manipulation, autonomous services 

 Removed 3D generic object placement approach for object teaching (shifted to UI_PRO) in 

favor of two easier methods: (a) user encircles the object in question (higher AI required, see 

lower left of Figure 12); (b) user draws a rectangle to reduce search space 

 Changed appearance of control elements for better discernibility (see Figure 12, upper left) 

 Integrated calling functionality as an overlay rather than a separate area (see Figure 12, upper 

right) 

 Included “last learned objects” area to show users recently added objects to the known objects 

database (e.g. they could have been taught by another user) (see Figure 12, lower right) 

 Enhanced video image augmentation with surfaces for placing objects and furniture that can 

be manipulated; indication of objects outside of the scene (left or right) (see Figure 12, upper 

left) 

 Improved highlighting of recognized objects in video scene (see Figure 12, upper left) 
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 Added a display for objects on the tray 

 Added indication of current view direction of robot and breadth of field of view in the room plan 

view (see Figure 12, upper right) 

 More status messages such as “destination reached” 

 

Second UI Iteration & Outlook 

Figure 12 gives an impression of the second iteration of UI_PRI where the design changes mentioned 

in the previous subsection are incorporated. The next step will be for development to produce a real 

(non-clickdummy) version of the user interface. That UI_PRI version will then undergo usability testing 

again (see Section 1.3 for schedule). 

 

 
 

Video scene view under “manual control” with more 

salient object highlighting (yellow), labeled view and 

navigation controls, and additional surfaces augmented 

(green) 

Indication of robot’s current field of view in room plan 

(light beam); overlay of video conversation 

  

Teaching a new object by drawing a line around it New robot status screen showing recently learned 

items 

 

Figure 12: Examples of design changes UI_PRI clickdummy version 2 
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6.3. User Interface for Professional Remote Operators (UI_PRO) 

According to the SRS development schedule in the “Description of Work” document, UI_PRO devel-

opment was scheduled later than UI_LOC and UI_PRI. Therefore, the current state of UI_PRO is a 

first concept which has not yet been tested with users. The current section describes that concept. As 

for the other two UI’s, a clickdummy has been produced to showcase important UI functionality.  

 

Hardware Evaluation 

The UI_PRO hardware concept was specified after consulting three external experts on remote mani-

pulation and detailing to them the SRS use cases and after carrying out a literature review. Several 

manipulation devices were tested “hands on” and remote navigation tests were simulated using a 

smartphone. Figure 13 shows some impressions of the testing phase. 

 

 

Figure 13: Impressions of UI_PRO hardware testing process: Space Navigator manipulation 

and view adjustment test (left), Phantom manipulation and force-feedback test (middle), simu-

lation of remote grasping in RGB video mode using a smartphone and remote PC (right) 

The two selected interaction devices were the Phantom from Sensable (exact version to be deter-

mined) and the SpaceNavigator from 3Dconnexion. See the next subsections explanations of how 

they are going to be employed. Table 5 lists strengths and weaknesses of the two devices with regard 

to the SRS use cases. 

 

Table 5: Strengths and weaknesses of the two main interaction devices selected 

Strengths of Phantom 

 

- training: intuitive positioning at the begin-
ning (novice users) 

- force feedback for arm and gripper 
- force feedback for environment (if possi-

ble) 
- combination of dimensions easy 

 

 

Strengths of SpaceNavigator 

 

- stays in position 
- precision: might be better for fine 

movement adjustments 
- good for navigation  
- cheap 
- small 
- more subjective certainty of us for it to 

get the job done (that the manipulation 
goal can be achieved) 

Weeknesses of Phantom  

 

- looses position if hand is removed from 

Weaknesses of SpaceNavigator 

 

- training: probably more than Phantom / 
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device, might cause problems if e.g. view 
needs to be adjusted in GUI or other GUI 
actions taken or if manipulation fails and 
needs to be adjusted 

- exhausting arm position may be unergo-
nomic (may be even worse if force feed-
back is used) 

- fine movements are more difficult 
- bad for navigation, needs extra device 
- expensive 
- large 
- less subjective certainty of us for it to get 

the job done (that the manipulation goal 
can be achieved) 

combination of dimensions (could be 
separated in UI) 

- fine movements may be unergonomic 
(RSI) 

- no force feedback 

 

 

Hardware Concept  

  

Figure 14: Workstation of SRS 24-hour teleassistance service 

 

The operator’s desk has three sections and is designed for bi-handed operation:  

Left side  

 Space mouse to control the virtual camera (see below for details) 

 “Expand View” button (makes the robot look around the scene for a wider field of view) 

Right side 

 Standard gaming-type joystick for manual navigation of the robot 

 Sensable Phantom device for remote manipulation  (see below for details) 

 Button to switch between world coordinate mode and tool coordinate mode for Phantom con-

trol  

 Button to switch between “simulated control” (operator first defines the manipulator target po-

sition in a simulated view, then executes manipulator movement and robot plans trajectory) 
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and “direct control” (operator directly controls arm and manipulator, less robot intelligence re-

quired but prone to delays) 

Left and right sides 

 Emergency stop buttons to immediately halt all of the robot’s movements 

Middle 

 3D-enabled 24” 1920x1080 screen and 3D glasses as an option 

 Regular keyboard 

 Regular mouse 

 

“SpaceNavigator” for 3D perspective adjustment 

A Space mouse, or 3D mouse, is a mouse that is used for control in 3D environments. A 3D mouse 

provides the user with six degrees of freedom whereas a standard mouse has only two degrees of 

freedom. It is used in UI_PRO for changing the view of the point cloud based 3D image during mani-

pulation. 

 

Figure 15: SpaceNavigator (source: de.academic.ru/pictures/dewiki/115/space-navigator.jpg) 

Three degrees of freedom in translation: 

 

Figure 16: Degrees of freedom in translation  

(source: www.3dconnexion.com/uploads/pics/3Dx_Desktop_Setup_caps_11.jpg) 

Three degrees of freedom in rotation: 

 

Figure 17: Degrees of freedom in rotation  

(source: www.3dconnexion.com/uploads/pics/3Dx_Desktop_Setup_caps_11.jpg) 
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Sensable Phantom for remote manipulation 

The haptic interaction device Phantom from Sensable is used to control the robot’s manipulator. The 

user holds a stylus in his hand and can move it in all directions within a certain range of freedom. This 

movement is being translated into a virtual 3D environment. In this environment, the user is able to 

move the manipulator just like his own arm. 

A main advantage of this device is the force-feedback control. The Phantom measures a user’s finger 

tip position and exerts a precisely controlled force vector on the finger tip. The user can feel pressure 

during the interaction and thus feel virtual objects, their boundaries and their materials as well.  

The device assigns an object’s coordinates in the virtual room to the interaction range of the stylus. 

This interaction range can also be seen as a 3D room with the boundaries of the technical moving 

range of the control in which the user can feel the virtual object. 

 

 

Figure 18: Phantom haptic device (source: 

www.emco.co.uk/objs/productimages/thumbnails/38_phantom_omni_haptic_device_420x.jpg 
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User Interface Functions and Supported User Tasks 

 

The following list shows the professional user’s tasks and user interface functions supporting them. A 

detailed guide for the UI_PRO clickdummy with explanations of all UI functions and the rationales 

behind them is available as a separate document. However, for the present Deliverable, the following 

list shall summarize the main UI functions: 

 Take a video call from a list of callers where other operators can take calls too. Normal and emer-

gency calls should be distinguishable. Emergency calls are prioritized.  

 Get information on the person calling (name, age, picture, health information like diseases and 

medication, custom comments by other operators) 

 Get information on the type of problem encountered by the robot, on the sequential step at which it 

occurred (what happened before the problem) and on the post-state that has to be reached by the 

operator so the robot can continue autonomously 

 Take multiple calls if robot is busy at the current moment or the operator can handle different is-

sues simultaneously 

 Switch between active calls and controlled robots; see status of other robots when operating a 

particular one; see cameras of other robots without holding the currently open call 

 Initiate video calls to customers; also possible from a recent call list 

 Stop/continue/cancel current sequence 

 Write and edit comments about customers (e.g. medication, problems) 

 Autonomous robot control (replicating main UI_LOC functionality): assign pre-defined services to 

the robot for autonomous execution 

 Semi-autonomous robot control (replicating main UI_PRI functionality): assign jobs by clicking on 

highlighted objects and surfaces in augmented RGB video or point cloud image; overlay sensor 

data in the map (e.g. to see obstacles) 

 Manual robot control (unique to UI_PRO): 

 RGB and point cloud views are available for this interaction mode in several windows. Pers-

pective of point cloud views (rotation, zooming, etc.) can be changed using space mouse. Ro-

bot's body is augmented into the 3D scene. Shadows (e.g. of the robot's gripper) are projected 

into the scene for better estimation of distances. 

 Provide several fixed perspectives for "virtual camera" of point cloud based 3D view by press-

ing buttons: top, left, right, in-gripper eye, robot eye 

 Simulated manipulation (Phantom-based, favoured mode): Specify gripper target position us-

ing a 3D wireframe simulation first, then robot plans trajectory and executes grasping autono-

mously 

 Live manipulation (Phantom-based): The robot arm follows the Phantom movement directly 

without a previous simulation (less robot intelligence necessary); there will be a considerable 

delay and the robot arm will be slower than user movement with Phantom would be possible. 
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This will be compensated with force feedback, i.e. it will not be possible to move the Phantom 

faster than the robot’s arm can move). 

 Switch Phantom control mode between world coordinate mode and tool coordinate mode 

 "Freeze" mode for Phantom in case the operator wants to interrupt interaction and continue at 

the same position later 

 Change perspective of point cloud based 3D view (using space mouse) 

 Store 3D camera position for recalling it later 

 Enhance field of view: point cloud field of view can be enhanced by a pressing a button: the 

robot then "looks around" to provide a wider field of view 

 Observe robot’s joint positions 

 Manual navigation using joystick (video image based) 

 Modify the robot’s planned navigation path in the map by moving the projected trajectory 

 Initiate position re-assessment if the robot’s current position is not correctly shown on the 

room plan 

 Optional: distance indicator from gripper to next object 

 Use real 3D (glasses-based) for looking at point clouds as an option; switch back to 2D view 

 Teach objects by: 

 Rotating on the gripper (for textured objects): Local user places an object into the gripper, in-

itiate scanning, naming and categorizing for inclusion in object library (replicates UI_PRI func-

tionality) 

 Drawing outline (for non-textured objects): draw an outline around the object, name and cate-

gorize it for inclusion in object library (replicates UI_PRI functionality) 

 3D model approach: select a shape that fits object to be recognized from a library of generic 

object models, adjust the model in 3D space, name and categorizing the object for inclusion in 

object library 

 Learn and teach sequences by: 

 Going to “listen” mode so robot will monitor user interaction, derive hypotheses on action se-

quence, and suggest sequence open for adjustment by user 

 Editing autonomous action sequences (“robot services” of UI_LOC): create new services, 

rearrange elements, insert variables, rename sequences, assign sequences to different cate-

gories) 

 Management functions: 

 Upload new room plan, e.g. to update non-passable regions (plans may be drawn with exter-

nal software) 

 Edit learned objects (delete, etc.) 
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Functional Areas of the User Interface 

The user interface has six functional areas incorporating all main functions. Inclusion of all functionality 

in one view should contribute to a good overview and usability, eliminating the need for switching be-

tween multiple windows and struggling to keep the most important information in the field of view (e.g. 

active calls, current robot task, robot’s cameras, room plan). Another central goal of the conceptual 

design was to separate customer-related functions (left side) from robot-related functions (right side).  

The windows in the middle are the main working area where operator spends most time looking at. 

While working in the camera windows, the operator has to interact both on the left and on the right 

side. In order to minimize the length of saccades (eye movement jumps), it was preferred to place the 

customer and robot task interaction areas on the left and right sides of the camera windows area (ra-

ther than both on one side).  

The following screen shows the user interface in active mode with calls coming in and activated cam-

eras: 

 

 

Figure 19: UI_PRO functional areas 

 

1. Windows menu: This menu contains “SRS 24h Centre” and “Help” items. In the “SRS 24h Centre” 

menu the user can find general settings for the software, e.g. font size or background color. The 

help menu contains search functionality for issues and a user manual. 

2. Incoming calls: In this menu all the incoming calls are shown. Normal and emergency calls are 

distinguished by color and list rank. The user can see the name and the waiting period of the caller 

as well as the robot’s problem. He can take calls. 

3. Call management and customer management: This area contains the customer-related infor-

mation. It has two tabs. The operator can look up personal information on the customer (e.g. fami-

ly situation, address and phone numbers, notes), see recent calls and call a customer. In the call 

management tab all the active calls are displayed and the operator can switch between active 

calls. 

1 

2 

3 
4 

5 
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4. Camera windows: In the center area, there are four camera windows after connecting to the ro-

bot. In each window, the user can choose between different camera views (RGB video and point 

cloud based) and a room plan. Each window can be maximized. 

5. Current sequence / robot services / objects: The right side contains information on the robot’s 

task execution in three tabs. The user can see a sequential display of the robot’s current task with 

detailed steps, teach new services, edit and start already available services, teach new objects, 

and edit or delete already known objects. 

6. Objects on tray / joint angles: Here the operator can see how many objects are currently on the 

robot’s tray and in how close to their physical limits the robot’s joints are positioned.  
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7. Interaction Patterns & Principles Development 

7.1. Introduction 

This section describes the efforts of SRS work package 2 to obtain generalized human-robot interac-

tion (HRI) design guidelines, recommendations, solutions, patterns, and principles. This research ex-

tends beyond the SRS project’s immediate requirements and aims to make a general contribution to 

the HRI field. 

The guidelines are meant to apply to human-robot interaction in fields similar to SRS. With regard to 

HRI, the SRS project is situated in the following fields: 

 Indirect (non-co-located) human-robot interaction through graphical user interfaces (GUIs) in the 

form of: handheld touchscreen devices (tablet computers and smartphones), mouse-operated 

GUI’s, haptic, force-feedback devices 

 Semi-autonomous remote control: A remote operator can control the robot and the interaction is 

designed so that the robot always uses the highest possible degree of autonomy to take away 

load from the operator. Remote control will be necessary for domestic service robots in the near 

future because fully autonomous robots can run into a multiplicity of problems during task execu-

tion in unstructured environments. The most useful approach will be to reduce user involvement 

as much as possible by using as much robot autonomy as possible.  

 Manipulator-equipped robots with the primary task of fetching and carrying objects or manipulating 

the environment in ways similar to what a human can do (e.g. opening a door) for a local end user 

in a home environment 

 Robots with learning capabilities (e.g. objects, action sequences) 

 Two types of users: End users without special skills with a ratio of robots to people of 1:1; Trained 

professional users, where multiple users are interacting with multiple robots 

 

Designing human-robot interactions is not trivial. Compared to human-computer interaction (HCI), the 

interaction with robots poses several new challenges, for example because people have more anthro-

pomorphic mental models of robots, robots physically (and socially) interact with the world, and robots 

make autonomous decisions (Kiesler & Hinds, 2004). Also, while computers are widely used, the 

technological sophistication of robots is not yet sufficient for deployment in end users’ home environ-

ments. HRI design has to consider and counteract such technological limitations. Since HRI for do-

mestic robots is a rather young discipline, the body of knowledge on how to design the interaction is 

still limited. The wealth of different interaction solutions in the laboratories shows that there are many 

possible approaches and rather little consensus on how to design the interaction. Usually, design solu-

tions are developed quite isolated and are rarely validated. There are also no reference designs avail-

able to everyone’s scrutiny (such as with a product on the market), which would presumably promote 

consensus formation and the establishment of good design practice. While there is literature on empir-

ical studies with implications for HRI design, it can be difficult to survey the vast body and to assess its 

validity and whether or not the scope of the result would include one’s own application. 

When designing for new application fields where uncertainties are higher than in established fields, 

design guidelines can be a particularly useful instrument. The purpose of design guidelines is to foster 

consistency, good practice, common understanding, and appropriate prioritization of user interface 

issues (Steward & Travis, 2003). In HCI, the use of design guidelines flourished in the early days of 

user-centered design (e.g., Smith & Mosier, 1984; Shneiderman, 1987; Norman, 1988; Nielsen, 1993). 
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Today, the rather basic principles they contain are mostly followed and the focus has shifted to more 

specific design issues. 

7.2. Review of HRI Design Guidelines 

In HRI, there have been early attempts to construct design guidelines (Goodrich & Olsen, 2003; For-

lizzi et al., 2004; Kahn et al., 2008; Steinfeld, 2004; Scholtz, 2003; Yanco et al., 2004). A review of 

these guidelines was carried out. It revealed several types of problems with the existing HRI guide-

lines. Guidelines were considered HRI guidelines if they covered issues not already addressed by 

conventional HCI or usability, i.e. new and challenging issues within the respective HRI domains. The 

term “guideline” is used in its broadest sense here and defined as any authoritative advice on how to 

design the interaction. A purpose-built set of such recommendations is considered a “guideline collec-

tion”. To be considered, the guidelines had to claim to apply to the above-specified HRI fields ad-

dressed (e.g., guidelines that mainly apply to military robots were excluded). Single empirical findings 

can also be considered guidelines but have at this stage not been surveyed. 

The following problems and limitations were identified in the reviewed HRI design guidelines:  

1) Insufficient coverage: There are few guideline collections available and the available ones appear 

incomplete, addressing only fragments of the relevant design aspects 

2) Scope uncertainties: Recommendations were obtained within a specific robotic application domain 

(e.g. rescue robots, Yanco et al., 2004) and it remains unclear if and to what extent the recommenda-

tions would be validly applicable to other contexts. Often the authors seem to assume that insight 

gained in their domain would apply to any domain without sufficiently considering the differences to 

other domains or providing a rationale.  

3) Use of biased participant samples: For example, Steinfeld (2004) interviewed experts from his own 

institute on design insights. Naturally, they all used the same robots and shared the same experiences. 

Some of their recommendations, e.g. “tailor the degree of autonomy to the circumstance” may not 

often be helpful in other context where the users are not expert users and will usually demand the 

highest-possible degree of autonomy. 

4) Recommendations are too broad and unspecific to be of benefit for conceptual or system design-

ers in practice: For example, Forlizzi et al. (2004) formulated three very broad guidelines for designing 

robotic products for elders living at home, one of them being “Robotic products must support the 

changing values of those within the ecology”. Examples are given, e.g. “Combining appropriate and 

accessible functionality along with aesthetic considerations will support values and sustain product 

use.” Such recommendations are still very close to the user needs (or problem) and not to the (tech-

nical, interactive) solution. Rather than being labeled guidelines, they could also be considered user 

needs reformulated as a design task. It remains upon the skill of the individual designer to find an ap-

propriate solution. However, this is often the main challenge. In order for a guideline to be of real ben-

efit during system design, the question of “how” would need to be addressed. For example, cues for 

the process of how to come to a solution should be given or solution alternatives illustrated. A design 

guideline should guide design. Identification of user needs and problems is important too but they are 

only the starting point for the development of design guidelines. 

5) Recommendations are based on weak empiric evidence due to methodological issues and thus 

contain a high degree of uncertainty (e.g. the guidelines of Yanco et al. (2004) were based on a single 

case study with four robots and one or two users per robot, most of which were the robot developers) 

6) Recommendations represent the subjective opinion of the authors 

7) Recommendations are not based on a solid theoretical foundation 
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8) Recommendations are of a technical nature (do not address user interface design directly but e.g. 

hardware selection) 

9) Recommendations disregard the current technological state of the art (i.e., they are outdated)  

10) Contradictory recommendations are made or results conflicting with other studies were obtained 

11) Recommendations lack explanatory value: Some recommendations are very brief, yet they make 

broad claims. In order to be of benefit, they would need to be much more detailed, employing exam-

ples and rationales. Also, difficult to understand, ill-described recommendations can be found (e.g. 

Steinfeld, 2004). 

12) The problems addressed by the recommendations are not sufficiently validated; for example the 

importance, reach, and occurrence frequency of the problems addressed is misjudged by overly con-

sidering the own application context while neglecting the problems in related robotic projects (e.g. as 

mentioned in the literature); this may be due to a lack of insight into other projects (which is not always 

possible to attain). The consequence is that the problems addressed may not be common problems. 

13) Guideline collections do not sufficiently consider the state of the art in empirical findings and de-

sign recommendations for their application domain; i.e. they are not based on a comprehensive litera-

ture review.  

14) In case of empiric findings: These are usually isolated findings. For a domain practitioner in the 

design process under typical project conditions, it is very difficult to obtain an exhaustive overview, 

given the number of findings possibly of relevance dispensed in numerous publications.  

 

Overall, the state of the art in design knowledge and guidelines in the specified HRI domains can be 

described as unsatisfying and immature. This is within expectations given the young age of the hu-

man-robot interaction research field with robots not yet being deployed to home environments. Thus, 

there is a need for more thorough and wide-reaching research into what constitutes good design prac-

tice.  

7.3. Anticipated Outcome of the Research Segment 

The research is justified by the deficient state of the art in design knowledge on the human interface 

for remote interaction with domestic service robots. The objective of the research is to produce a set of 

HRI guidelines for the investigated contexts, improving on the limitations of existing guidelines by ap-

plying a more rigorous research strategy with a focus on relevance, validity, and specificity. The main 

outcome will be a set of validated design solutions, recommendations, and good practice examples for 

the investigated contexts. While these recommendations may also take the form of abstract principles, 

the focus is on specific solutions with a great amount of detail, closer to the technical solution rather 

than a description of user needs (as currently found in many guidelines). The validity of the solutions 

will be assessed, improving upon existing guidelines. There are various forms of validity (Kahn et al., 

2008): psychometric (experimental) validity, logical (qualitative) validity of arguments (Is the conclu-

sion warranted based on the data?), comparison of the performance of an HRI solution to a human-to-

human benchmark, or construct validity (relating to the validity of the theoretical foundation of the solu-

tion).  

The outcome can also be understood as a research agenda. It should at that point be possible to iden-

tify unsolved interaction design problems requiring further investigation as well as to identify working 

solutions and to judge how well each problem is already solved.  

Given the wealth of design questions lending themselves for investigations in combination with the 

immature state of the design knowledge, a qualitative, hypothesis-generating method is most appro-

priate. The method aims to consider the multiplicity of issues involved in HRI design in their breadth 
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rather than focusing on a few selected design issues where a quantitative approach would make 

sense. The design solution candidates will be drawn from the literature and from own design work and 

evaluations in the SRS project. The “design pattern” approach (Alexander et al., 1977) could be an 

adequate illustration technique for the solution candidates. While allowing for concreteness, it captures 

only the invariances of a design solution, i.e. its central elements.  
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