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EXECUTIVE SUMMARY

The aim of the evaluation phase with potential users is to investigate and measure effectiveness,
usability and acceptability of the advanced prototype to generate feedback for improvement.

This document reports results of the validation process of the @Rtotype with users.
It reports results achieved so farfise main SRS testing steps involving users:

1 the first one specifically concentrating on arm manipulation anePRO visualization, led by
INGEMA and ROBOTNIK and carried out in San Sebastian

1 the second onecarried out in Stuttgart an & by HDM and IPA concentrating on the technical
issues emerging in a real home environment, a necessary pilot study to prepare the main set of
tests of the whole prattype;

1 the third one, carried out in Milan and led by FDGCO andItCtdllecied full information of the
integrated prototype related both to potential users perception and to technical effectiveness.
Results showed high level of interest with resp# the potential of the system and high level of
acceptance. Nevertheless the results of Milan tests showed that the state of SRS system was not
fully sufficient to make people consider it as a product ready for adoption, and also usability of
interfaces could be further improved especially onRRO. The interface obtained lower scores on
successful indicators specified in D6Hor the reason, anfurther investment of technical
development wagarried out andwo additionaliterations of testingwere plannedas follows

1 the fourth one, carried out in San Sebastian by INGEMA and ROBOTNIK, specifically concentrating
on arm manipulation and LRRO visualization with the interface updated after the first trials
During San Sebastian tests, objectiveasurements regarding task completion, number of errors
made, number of questions asked by users, hints needdgmbwed theimprovementof the system
in the usability related measurements, witime exceptionon time. Mainly, the slow speed af | &4 { & Q
performancecan befrustrating forend users.With SRS developmerthe number of functionalities
of the rabot wassignificantexpanded the robot can currently automatically detect the object, gets
near to the object in an optimahnd safe position etc. All of these processes haveeir
computational cost thateflected in the execution tine

1 the final one, carried out in Stuttgart by FRAUNHOFER, HDM, BUT, concentrdtiaduwther Ul
PRO developedspecificallyon the weakness identified in the Milan tesDuring Stuttgart tests
users were able to complete manipulation and navigation task00% of the cases, meaning that
the user interface was highly effectibe wSadzf Ga 2y GKS aeadasSyQa dzas
show a vast improvement over the previous studyl aveage ratings were well above neutral (4)
with some reaching close to maximum valu@éth the final test, successful indicators specified in
SR®P6.1has been achievedith the project period
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Overall he SRSystem wa perceivednteresting and potentially very useful by all user grodpsing

the successiomf tests performed Acceptance is high and this can be highlighted as the result obtained
in tests with the integrated prototype. Elderfyeople and private caregivers weemare enthusiastic
about the novelty represented by SRS syst@mofessional operatorsvere also impressed with the
latest revision of the SRS interfaaesingSpace Navigator and Ster¥sion
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1 INTRODUCTORYSECTION PURPOSEOF DOCUMENT AND
CONTENTS

The presendocument reports a detailed description of user gation results achievedihe validation

phase was designed in a way that alemhnvestigating effectiveness, usability, and acceptability during
incremental and complementary stages by analyzing someifipéeatures and the entire prototype, so

as to generate feedback for improvement.

The test sites settings predisposition, plan for ethical and safety issues, research questions addressed,
experimental protocol description, and validation methods adajpieere already reported in D6

Each chapter of the present document reports a detailed description of results obtained in each test
session; in particular:

Chapter 2 reports arm manipulation and & G A & dzl £ A T I (i dadied odui i6 GalbebastiaNS & dzf
to address the maibehaviorof the robot with real users.

Chapter 3 reports the first real home environment case test results, carried out in Stuttgart, to address
first SRS experience outside the laboratory and the first users impressions.

Chapter 4 reports results about advanced SRS prototype tests, carried out in Milan, to address the
integrated SRS functionalities and the scenarios effectiveness with a sample of real users in a home
environment.

Chapter Seports results of the updated IWPRO interface testgarried out in San Sebastian by INGEMA
and ROBOTNIK, specifically concentrated on arm manipulation aR&@Ivisualizatiomfter the first

trials (chapt 2), several usability suggestions were made. The interface was adaptedding to the
suggestions in close contact between user partners and technical partners.

Chapter 6reports results of the final test sessiortarried out at Fraunhofer IPA in Stuttgart,
concentrating on UPRO developed as part of the EEU extensionbtain user opinions and ratings,
determine usability issues, and assess the overall utility and suitability of the solution for remote
navigation and manipulation by operators in a call center.

Chapter 7 reportgonclusionf the deliverable

2 MANIPULATIONESTANDVISUALIZATIONESTS
2.1 MANIPULATIONRIALS

Manipulation and visualization tests in San Sebastian were conducted in January 2012 with the aim of
address the main peculiarities of the robotic arm with real users.

For the trials, according to mobility problems of the participants, the Rehabilitation Service facilities
were prepared for ofsite testing. In concrete, we used one of the extensive exercise rehabilitation
gymnasiums of the Matia Hospital (Figure 1). Tredabilitation gymnasium is oriented at the
physiotherapy and rehabilitation of patients of early injured elderly people. This service aims to provide
support and professional training to patients that have underwent stroke, ictus, hip fracture, lower and
upper limbs fracture, traumatic injuries, etc.
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FIGla! ¢ L! I h { t ABSLITATION GWNNASIU

In these trials, we have combined-adc questions with a validated test, the AttrakDiff (Laugwitz, Held,
& Schrepp, 2008), selectdd measure user experience in a simple and immediate manner (details
about protocol development can be consulted in D6.1).

2.1.1 PARTICIPANTS

AAAAA

Ly GKS alyALdzZ GAz2zy OGNAIFIfaz ¢S 02ttt SOGSR RIFGLF
robotic arm ontasks based on grasping movements. We recruited 14 patients of the Rehabilitation
Service of Birmingham HospitaMatia Foundation. They were 10 woman and 4 men. Their mean age
was 79.14 gt. dev.= 9.607), maximum 92 years and minimum 60 years . Theljestia mean of 8.79
years §t. dev.= 4.21), maximum 17 years and minimum 4 years. As expected, men were slightly younger
than women (Men 71.75 years, st. dev. = 12.53; women 82.10 years, st. dev. = 6.84), although years of
education were similar (Men8,28ars, st. dev. = 6.13; women 9 years, st. dev. = 3.59).

All of them presented mobility problems in lower limbs, and some of them also in upper limbs. As
reported in D6.1, we have used two frailty index in order to compare them: the Barber test, used
previously in other user studies within this project, and the SHERER more recent and potentially
more accurate index based on data from SHARErvey of Health, Ageing and Retirement in Europe.
Mean score in the Barber test was 3.3&. (dev.= 1.01, maimum 5, minimum 1). Apart for the
maximum score in hospitalization, 42,9% of the participants live on their own, 21,4 % do not have a
relative to call on for help, 50% depend on someone for regular help, 64,3% are concerned about their
health, 28,6% haveifficulties with vision and the same percentage have difficulties with hearing. None
of the participants reported problems to have a hot meal and only one participant, the one with the
higher frailty score, reported to be confined to her home.

Mean scorein the SHARE Frailty Index was 2,51, with 7 participants obtaining a Frail score, 5
participants a Prd-rail score and 2 Nefrail. Nevertheless, the SHAREindex presents some
limitations in this population, especially because of the high weight ofitdm about frequency of
physical exercise, which is high in persons attending a rehabilitation service. In line with this
observation, SHARH score correlates only moderately with the total score in the Barber test (r=0.352).
Some participants could psent mild cognitive impairments, although only one presented suspicious of
possible dementia (MiAMental State Examination < 23). Regarding their subjective perceptions, they
provided average responses about their memory capacity compared to the relsé alotiety and with

their capacity in the past.
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As expected, most of them use TV and telephone / mobile phone daily; they use washing machines,
dishwashers and vacuum cleaners frequently; and they never or very rarely use smart phones, PC or
laptops.

2.1.2 USABILITY AND ACCBSSTY

Regarding the usability and accessibility assessment, we should take into account that these trials only
shown the capabilities of the system to the users instead letting them use it by themselves. This
demonstration of the systé Q& dzal o Af A& FyR | O0SaaAroAftArie o0S02Y
However we will distinguish this part related to the direct usability scenario acceptability and will
RS@PSt21L) 0St2¢ GKS I OOSLIiFoAf AGditydgpOSLII & GKS 3
The system was presented to the user catching a cocoa storage jar in front of him (Figure 2). The system
worked well in 12 out of 14 times catching the tin. 2 times the system needed to be restarted because it
was jammed grabbing the tin; and worked wedl dut of 14 times releasing the tifihe systendropped

the tin in the remainingne.

—}
E =
—
ary

il
il

1§44

FIG2MANIPULATION TRIALS: a! ¢ L! |REMHABLITAT[OR GYMBIAM
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One observational category with three conditions was established to Sefini KS dza SNE Q $§°
reaction to the system. Verbal, facial expression and position were used to establish the emotional
reaction. Relaxed, Nervous and Scared were the three observational categories chosen. The users were
all relaxed in front of the roltic arm. Apart from that, several users reacted to the arm by trying to

touch the fingers or catch the tin, showing curiosity for the system.

When the users were confronted to the robot arm functionality several users stated their opinions

spontaneously, He others that did not stated, were asked specifically. Below, we can find the users

verbal behavior:

w aLGQa @GSNE AyiSNBalAy3daéod

w LG akKz2dzZ R 0 N Keis corffident thal theF systei orkdmMIEGdt KS A RS €

be to have this thing that brings everything nearer. It could feed me, but that would need more care and

ddzLILIR2 NI @ LG aKz2dzZ R KIFI@S 6KSSt ag

w LG A&a y24 oFR F2NJ I LISNE2Y GKFG ftA@Sa f2ySd

A LY WMAlddza A2y A& dzaStSaad 2SS ftAPS GKNBS 0NERI
widow and me. All of we older than 80 years old. In our home it would be useless. Fantastic for

20KSNARZ | 3I22R AYy@SyiuAaz2y GKFG OFy 06S @OSNE dzi S
w Theuser stated that do not see the system useful, at last meanwhile he was able to perform the
activities autonomously.
W b2 KFEd I aYFNI GKAYy3IH ¢KSNB INB &2 Ylyeé 3I22R A
w The user commented the movement while the robotic arm was performiing robotic arm

seems useful to him. He states that he would use it but only if he has money to buy it.
w G9OBSNERGOKAYI Y2RSNY Aa 3A22R® LG g2dz R adzLJLi2 NI

W LG ¢2dz R 0S dza S Hdzvould grefdr ta Bi@rScNdiréctly tvikhAthe Zystem
instead of having other people controlling it.

w GaSlFygKAfS GKSNB gta | LISNaA2Y GKIG Aa y2aG | of
aGSL) Aa G2 3SG o101 GKS adGdzF¥ (G2 Ada LXIFOSo L
w "Cool".The user likd it and asked questions about the robotic arm

w GLOQA YI NBSt2dzaxr odzi Al Olyy2G o6S G K2YSo |
¢ 2 NJ Sheb does not think that the system is useful. She stated that to have a deeper
understanding of the systn she should see the system working in more situations.

W G¢KS aeaisSyYy Aa TThesératated hat thesystedh walld Ydiverpdsdiul for
him, and ask more of the system capabilities.

We can concretize qualitative information collectedhe following topics:

w The system is perceived as useful, as far as the person lives alone and is not fully autonomous.
Although all the participants have daily living difficulties related to their mobility problems, they
still claim that the system wibe only usefutt YSI y 6 KAt S GKSNB FNB | LISN
R2 KAy 3 & (orthérself, shodirg) fa €eftain perception of autonomy even in dependent
older adults.

w The system is interesting, interest on technology.

w Participants point to somdifficulties (i.e. the size of the robot and its cost).
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2.1.3 ACCEPTANCE

In spite of the peculiar appearance and technological restrictions of the robotic arm presented, the
system did not evoke responses of fear or rejection in the participants (see Tahlsers do not seem
afraid of the system and their behavior shows that they think that the system is safe.

TAB.1FREQUENCY OF FRAIIS® w ! 5| [ ¢ ESIN THE ATTRAK{HER THE MANIPULATIDRST.

Annoying - - - 4 1 7 2 Enjoyable

not 7 4 - 3 - - - Understandable
understandable

creative 8 5 1 - - - - Dull

easy to learn 5 5 1 - 1 2 - difficult to learn
valuable 9 1 2 1 - 1 - inferior

boring 1 - - 2 4 4 3 exciting

not interesting 1 - - 1 5 7 interesting
unpredictable - 2 - - 3 3 5 predictable
Fast 4 3 1 5 1 - - slow

inventive 4 6 1 2 1 - - conventional
obstructive - - - 4 1 2 7 supportive
good 7 4 1 1 - 1 - bad
complicated - 1 1 2 4 4 2 easy

unlikable - 1 - 5 1 5 2 pleasing

usual - 1 - 1 2 5 5 leading edge
pleasant 3 5 - 5 1 - unpleasant
secure 6 6 = 2 = = = not secure
motivating 3 5 1 2 1 - 1 demotivating
meets 5 6 1 1 - - does not meet
expectations expects.
efficient 7 4 3 - - - - inefficient
Clear 6 4 3 - - - - confusing
impractical - - - 2 1 5 5 practical
organized 4 6 - 2 - 1 - cluttered
attractive 4 8 - - 5 - - unattractive
Friendly 2 4 2 3 1 - - unfriendly
conservative - 1 - 2 - 7 3 innovative
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Regarding acceptance dmbcquestions (Table 2), we obtained:

- Ahigher percentage of participants with positive responses (Likely and Very likely) in items 1, 2, 3 and
6, showing a majority of positive perceptioadout the functionalities of the robotic arm and the
intention to use it.

- A higher percentage of partants with negative responses (Very unlikely and Unlikely) in items 4 and

cd® bSAFGAGS NBaLRyaSa G2 AGSY n o0ab2i KIFI@S (G2 R?2
autonomy and sense of independence in this population. Negative respongeét8 Y p 6éaL f A1 S
1AYR 2F FLIWIX AFYyOSaso asSSy G2 LkRAyida G2 | 101 27
with technology, that it is going to be analyzed in more detail in D6.2.

- An equal percentage of participants with positivey R Yy S3F 6 A @S NBalLlRyasSa G2
adaidsSy ¢gKSy Al o0S02YSa IQFAfloftSeéod ¢KAA NBadz i
effectiveness Assessment & Seemmnomic Implications.

TAB.2FREQUENCY OF FRA[L5 9w | 5| [ GESTOWOGEPTABILISBYES IN THE MANLATION TEST

1. In general, would you use tt 3 1 1 5 3
functionalities?

2. The robotic arm can help me ' 2 - 3 4 5
achieve goals in my daily routine

3. More control over my daily life. 4 - 4 6
4. Not have to do everything by myse 5 2 3 3 1
5. | like to use these kind of appliance 5 2 4 3 -
6. | would use this system when 2 1 4 6 1
becomes available

7. 1 would buy this system when i 5 1 2 3 3

becomes available

Regarding qualitative information, several users stated opinions expanding their statements:

w LG Aa y2i Fdzyyez AG Aad AYLRNIFYyGéED

W L KIFI @GS ySOSN) aSSy az2YSGKAYy3I aAYAflNEOD

W é(I:['] KIFa | R(Z[ y il EISé N y R wdrlsl éd-mé[ltthévb & home iNthe K dz3
LISNEZ2Y Kl a O023ayAdAGS AYLI ANNSYy(¢®

w aLd a88vya (2 0S8 d&asS¥dA lyR Ada 62NJAy3I a3Syvya
©w GLO 62df R 68 dzaSTdA AT Ad KI@OS GAYSE FyR LI I C
®w Gl a I AGNHOGdNB A& y2id LINBlGdGesod

©w GhyS$S AKPdARs {62 Ndza s Al

©w GLO A& OSNB O6A3I TF2NJ I K2daSé o
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Summarizing the opinions of the users regarding the system, it is useful if you are alone and cannot
move, it is big for an apartment and they are worried about how to learn to use it, but they would be
willing to learn to use it. Qualitative responses and comments of the participants seem to confirm that
they would like to use the systema L ¢2dz2f R dzaS AG AT L g2dZ R ySSR
KSft LIF dzf ()2 altiio®@h Hay &wauld#&F ¢ 2 + RR Y 2 NB Sheuldybng the stufft A ( A
YSIEFNBNES GLTEHEERzZ RSERA1&. dzill diRf f KSOHRIKYSKENGIK IRGNH

GL g2dzZ R tA1S AG (2 KStLI YS (2 3ASH dzLIFEYR2 NBNR O S
2.1.4 DISCUSSION

The system is perceived as useful, as far as the person lives alone and is not fully autonomous. 69,23% of
GKS LI NGAOALNl yia NBLRNISR LRAAGAGS 2NJ ySdzi NI f
Fdzy QUA2y I EAGASARAI G @S0 &N NSHEiNGE §R NBa LRy a

I OKAS@®S 32+ fa Ay Yé RIFIAf&@ NRdAziAySe: TMXInN
dzaS GKA& aeadasSy gKSy AlG 0S02YSa I@LAftlofSeod

The users were all relaxed in front of thebotic arm, and several users reacted to the arm showing
curiosity for the system. Complementarily, the system is perceived as interesting, showing interest on
technology. They express their concern about how to learn to use it, but they would be taillisg it.

8 02
o 02

S
(03} (

Participants point to some difficulties regarding the size of the robotic arm and concerns about its cost.

2.2 VISUALIZATIONRIALS

In the visualization trials, we have collected data from professionals working in areas similar to those
involved inSRS. In these trials, we have also combinedadquestions with the AttrakDiff.

2.2.1 PARTICIPANTS

We recruited 13 professionalsperators 7 professionalsoperators worked for a teleassistance
company (SaludNovaitp://www.saludnova.com/) and 6 for Matia Ingemahospital. Employees from
SaludNova were interviewed in the facilities of the company. The rest of the participants were assessed
in the rehabilitation gymnasiums of the Hospital where we also condudtedvtanipulation trials (see
Figure M1).

7 woman and 6 men participated, all of them were mediaged adults (mean = 31.08 yeast; dev.=
5.22). They did not present physical or sensorial problems hindering the performance of the planned
tasks, apart frm corrected myopia.

All of them have university graduates or equivalent (mean =22.09 years of educstiatev.= 3.44)
and have a job with medium to high responsibilities related to telecare and /or gerontology. All they
reported to have jobs with higbognitive and social requirements, and low physical requirements.

Their experience with technology is high. They use all the devices included in the questionnaire (washing
machine, dish washer, vacuum cleaner, TV, mobile phone / smart phone, PC / |aptdphey report
to have been using PC / laptop a mean of 14.75 yearsi¢v.=4,495; min. 9 years, max. 21 years).

2.2.2 USABILITYACCESBILITY AND LEARNABY

Three tasks were established in order to let the participants use the system in a emuldtedl na
scenarios of use (Figurdg0 @ | &t oAt AGe 2F (GKS aeaidSy ol a SogIf
performance regarding: task completion, errors, time, hints needed, comments, and usability difficulties
observed.

FP7 ICT r@@ct No. 247772 1 February 2QBD April 2013 Pagel4 of 97


http://www.saludnova.com/

SRS Deliverable 6.2 Due date: Apri2013

Three specific scenarios were develddmsed on the general scenarios of the project, in order to allow
the user interact with the system: grasping, leaving and moving scenario. Complementaitigc ad
guantitative questions were done about these issues after the three scenarios.

FIG.3VISUALIZATION TRIMBSALUDNOVA FACIEHS (ABOVE) AND MATI | h { t L ¢! [ITAJTIONVGYMNASIUMEBOW).
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A) Grasping
Task Completion: 11 out of 13 completed the task.

Time: Mean= 92.16 secondst. dev.=33.9 seconds. The f&st of the users completed the task in 34
seconds meanwhile the slowest of the participants that completed the task needed 159 seconds to
complete the task.

Errors: 0.53 errors on average were made by the users. Users press the grasping button praviously
the robot achieve the correct grasping position.

Questions asked: 0.92 questions on average were made by the users. That means that nearly each user
ask at least a question about the functionality or how to perform the task after having been explained.

Hints given: 1.38 hints were given on average. Nearly a third more hints that the users asked for.

Facial expression: The expression of the participants was neutral in most of the cases no one seemed to
be frustrated, scarred or angry about using the sgste

Comments (made by the user or the observer):

w The robot was out of place and as got near to the object it knocked out.

w al2¢ OFy L (1y26 AT GKS NRoz2dG A& 3I2Ay3 (2 Y:
Y20SYSyd adl Gdaé

w G2 KSy akKz2dzZ Bé¢KéLINBaa a3aN

) The user changes the screen views, he takes more time but he customizes the view. States that
he miss to know in which movement step is the robot.

W The user comments about the distance of the @/m ¢ ¢ KS FIF Af dzNE 61 & (KU i
SIFNIeé¢od

w ¢KS dzaSNJ F2NB2G G2 LINBaa (GKS daakKz2g fAate odzi
has to tell the robot which object to grab. She suggests to place a marker that notifies the steps
ending in order to be sure about the movement had ended.

w The hand was closed when the movement started so it was unable to grab the object.
w LG aK2dZ R 0SS Y2NB [dzi2aYIFGAOd ¢KSNB Aa | 1 0O
w The user presses grab before the arm is in position and asks if the arm iggmibtie system
has received the command. The participant suggests to include feedback of the performance of
the robot.
B) Leaving:

Task Completion: All the users completed the task.

Time: Mean= 125.69 seconds. dev.=44.57 seconds. The fastest of theers completed the task in 31
seconds meanwhile the slowest of the participants that completed the task needed 187 seconds to
complete the task.

Errors: 0.38 errors on average.

Questions asked: 1.07 questions were asked on average, howewdev.= 1.03 that means that there
were several users that did not asked a question meanwhile other asked 2 or even 3 questions.

Hints given: 1 hint was given on average.
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Facial expression: 11 out of 13 were neutral regarding the task, but 2 users expressed annoyance.

Comments (made by the user or the observer):

w

C)

The hand was closed at the start and did not open. The user asked about the system

performance. After that ipresses the grab button before the arm is in position.

The hand was closed and knocked out the brick. After that the hand opened.

The user asks again about the grabbing. He considers that the grabbing button should be in the

same level to make the sks sequential. He speaks also about the interface, he suggests to

AAYLX ATE FyR LI OS (KS 0dzii2ythe SYGP buttors nkdd A y

y2i 0S GKSNB®¢
The user was reminded of the need to move the arm.

The user moves the arm @cearly. He suggests that the system should be more automatic, not
to wait to the completion of the different steps.

The user presses the grab button too early.

The user takes long in move the hand and presses grab too early. He asks if he hasaskipped
step and gets surprised when the hand closes.

It did not grab the object because the robot did not get near correctly. The user asked how to
restart the system. He seems a little bit worried because he did not see the movement progress.

The usersuggest that when the hand grabs an object the content of the object should be taken
into account to avoid spilling the content with the different movement performances options.

Moving scenario:

Task Completion: All of the participants completed thektas

Time: Mean= 218.15 seconds, dev.= 133.88 seconds. The fastest of the users completed the task in

89 seconds meanwhile the slowest of the participants that completed the task needed 567 seconds to

complete the task.

Errors: 1.35 errors on average.

Questions asked: 1.38 on average

Hints given: 1.45 on average

Facial expression: The expression was neutral for most part of the users, just one user expressed
frustration about controlling the robot.

Comments (made by the user or the observer):

w

Theusei KNRga GKS YAf]l] ONARO| o0SF2NB FAYAAKAY
joystick looking at two different screens. It would be easier to control the robot using the

cursors. The best would be to control the arm with a system that engagesobwe arm with

the arm of the remote controller. It should minimize the robot movements making it one single

and integrated movement, and it would make easy not to wait for the different movement
aGsSLlaed LIQa Ffaz LINROLI of SfailserciaiggsRhe bBjeBt posithlY a

Ay GKS NBIf fAFSoé
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w
w
D)

GLIQEA OSNE RAFTFAOMZ G (2 O2y (iNBE Ald |, 2dz & K2 d«
and the other to manage the joystick. It should have lateral movement in every axis in order to
facilitate movements of 90° without having to make a turn.

The user hits the table with the robot. States that he is not being able to move it where she
wants. She asks where the robot is looking. She does not understand the joystick direktloris.
is not intuitive; it does not follows the robot space and orientation. The screen should turn when
i KS N o Blie thinkizNddtavithdeursors should be more difficult but better to make the
more precise movements. She does not understand why there areréziss to control the
robot. She asks how the acceleration works.

G¢KS FT2NBINR O2yUNRBf A& y20 AyGdAGA@GSd LG &aK:
Due to the different screens, the attention is differed and makes complicated to cathizol
robot.tdL R2Yy QiU 1y2¢6 K2g¢g FIN Aa (GKS (Fro6fS FNRY (K

The system fails and it is needed to restart the system. The user hit the oven and the table. The
user states that it is easier to perform the movements if first the robot is oriented and
FFOGSNBI NRa &l NIKES WAKS SWEFHODGSyABSY&ER (2 0SS Sk ae
0KS 20KSNJ odziti2ya I+ NBoé

The user releases the grabbing movement when she looks to the other screen. She has
difficulties to differentiate between the robot direicins when are not coinciding with the

joystick ones. She states that it is very complicated to move the robot using the joystick.

Gt N2oltofeé gAGK | NRo2dG AYF3AS AG 62dA R 0SS Y2NE

The brick falls to the ground; it was well placed but not assured with the robots lkkahdii Qa @S N
messy to use the joystick, also the distance between the robots and the objects. It is not
AYOUdzZe KSOIIINI A OALI yi a1 a Kadd hi theRi@niturekaSd hsv2 6 2 (G Q
to control the speed. The participant suggest that the robot should move to the point that the
proffesional points in the map or following a route that he draws in the map.

GLGQa GSNE The dpafticipakt Gailsi BdR¢H Backwards when should have moved
forwards.

aLiQa Srae (2 tSIENYy K2g (2 LISNF2NXIyOSzI RSa&LIR
The user asks why the robisttaking so long to react to the given order.

Quantitative questions

From the total sample of 1Barticipants, 12 participants answered the questions about the usability,
accesibility and eastp-learn of the system. About usability, most of the negative responses were
focused in the feedback provided and the sense of control of the machine (Babiich must be
improved in next versions of Ul_PRO.

TAB.3REQUENCY OF PRORESBSI [ { Q w9 { USABIKITY {ANDIACEHISITY ISSUES IN THEUALISATION TEST

Definitely ~ Rather yes  Neutral Rather not Definitely
yes not
Would you like to use the functionalities? 3 4 5
| find the system easy to use. 1 8 2 1
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How well did you think the system sho 2 10
actual location of the robotic arm?

Is it easy to make the software do exac 1 4 4 1 2
what | want

| perceiveperfect control over the activity 2 2 2 5 1

of the system.

About learnability, most of the responses were positive (responses about-teafeyget must be
interpreted inversely) (Tabld), showing a good perception about how the system can be learned in
spite of its usability problems.

TAB.4AFREQUENCY OF PROEHESB ! [ { Q w9 {EARNABIRITY ISSHEFHE VISUALISATIORST

To learn to use this system would t 5 5 2
easyfor me.
It would be easy for me to learn skilfi 5 5 1 1

use of this system.

It is easy to forget how to do thing 2 8 2
with this system.

Working with this system could b 4 1 6 1
mentally stimulating.

2.2.3 ACCEPANCE

In this test, responses in the AttrakDiff are more widely distributed, especially in those adjectives more
closely related to usability issues. Professionals agree that the technology is inventive and interesting,
but also slow and not clearly meeting tegpectations of the users (see Tab)e

TAB5FREQUENCY OF PROEESB ! [ { Q w9 THE ABIRAKDIFR.AGE MANIPULATION TEST

Cannoying - 1 2 1 3 4 1 enjoyable
not 1 4 - 3 4 - - understandable
understandable
creative 4 3 1 4 - - - dull
easy to learn 2 4 2 2 - - difficult to learn
valuable 4 2 2 4 - - - inferior
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boring - - 2 4 - 5 1 exiting

not interesting - - - 1 4 5 2 interesting
unpredictable 2 1 1 1 5 2 - predictable
fast 1 - - 3 3 1 3 slow
inventive 4 4 1 2 1 - - conventional
obstructive 1 1 - 3 3 1 3 supportive
good 3 3 2 4 - - - bad
complicated - 1 1 2 4 1 3 easy
unlikable - - - 3 4 4 1 pleasing
usual - - - - 2 7 3 leading edge
pleasant 3 5 3 - - - - unpleasant
secure 1 4 2 2 1 1 1 not secure
motivating 3 4 3 1 - 1 - demotivating
meets 3 2 3 1 2 1 - does not meet
expectations expects.
efficient 2 2 4 1 3 - - inefficient
clear 2 5 3 1 1 - - confusing
impractical - - 2 3 2 3 2 practical
organized - 4 4 2 1 - 1 cluttered
attractive 2 4 2 2 2 - - unattractive
friendly 1 2 4 1 3 - 1 unfriendly
conservative - - - - 3 7 2 innovative

Regarding the acceptance-adcquestions (Tablé), we obtained:

1 A higher percentage of participants with positive responddisely and Very likely) in items 1, 2,
4, 5, 8, showing that the professionals interviewed consider the robotic arm useful for the frail
older adults and interesting for their work (Table N). 58% of the participants responded
positively to the possibilityf using the system when it becomes available, 42% gave neutral
responses and no negative responses were collected

1 An equal percentage of participants with positive and negative responses to items 3, 6 and 7. As
in the former section, results do not shawlations between technology acceptance and system

acceptance.

TAB.6 FREQUENCY OF PROEESBE ! [ { Q w9 ACCEBRTABILITY ¢SSBEBHE MANIPULATIONEST
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1. The robotic arm can help to help fri - 2 - 6 4
older adults with their daily routines

2. | perceive the use of the robotic arm ¢ 3 2 1 4 2
help me to control over the difficulties «

the daily users.

3. Thissystem would make my work easier 3 1 4 2 2
4. Thissystem would make my work mol - 1 4 4 3
interesting.

5. | would use the system because | like 3 - 3 4 2
use such appliances.

6. | would use the system because the¢ 4 1 2 3 2
appliances are modern.

7. 1 would use the system to keap with 5 - 2 2 3
the newest technology.

8. In general, | would like to use thi - - 5 1 6
system when it becomes available

2.2.4 DIFFERENCES BETWHBGROUPS

Since the total sample in this study was composed by 7 persons from -aswiktance company
(SaludNova) and 6 persons from Matigngema working with older adults but not directly involved in
tele-assistance activities, statistical analysis were carried out in order to study differences between
these subgroups.

T-Student comparison carried outith SPSS 18.0 showed similar results in both groups, with differences
only showed in:

1 Number of questions asked about the Grasping scenario (F=74,667; p<0,001), which mean
where higher for SaludNova subgroup compared to Mafiagema subgroup.

1 Perceptionsabout how organized, cluttered is the system (F=8,198; p<0,05), with SaludNova
subgroup perceiving it as more organized.

1 Perceptions about the eagp-use of the system (F=6,664; p<0,05), about how well the system
show actual location of the robotic ar(®=18,519; p<0,01), and about the intention to use the
system because they like to use such applicances (F=6,542; p<0,05), which mean where higher
Matia ¢ Ingema subgroup compared to SaludNova subgroup.

Although these differences seems to show differentdl of knowledge about the interface tested, with
SaludNova employees showing some higher degree of knowledge about the visualization system, we
have decided to consider our results as a whole because the general agreement between these two
subgroups in avide range of usability, learnability and accessibility questions

2.2.5 DiscUSSION
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The UIPRO should be improved in further versions in order to make the software usable and accessible.
Responsesabout the user experience are more widely distributed comparedManipulation test,
especially in those adjectives more closely related to usability issues. Professionals agree that the
technology is inventive and interesting, but also slow and not clearly meeting the expectations of the
users. Negative responses albausability issues are focused in the feedback provided and the sense of
control of the machine. Because of the difficulties found, we have constructed a table with design
recommendations for Ul Pro, including specific sections about grasping and leawictgprialities,
movement of the robot and screen appearance (TaBlend a suggestion of usable screen based on
results collected (Figuré).

TAB.7 DESIGN SUGGESTIONSHD ON VISUALIZANIDRIALS RESULTS

Usability andaccesibility flaws Design suggestions

Screen appearance

1. Two different screens split attention whi

performing actions. . o ' _
One screen to avoid divided attention / simpl

2. The users focus their attention on environme| myltiple-screen solution.
simulationscreen and not on the movement pj
screen, producing inaccurate movements.

3. The robotposition map does not provide usef The environment simulation screen should give m
information to the user. detailed spatial information.

4. It is not possible tdook at the joystick and th{ The controls should not need to be visible in
environmentsimulation screen screen, but a feedback on the movement.

5. There is no screefeedback about the action

performed in the robotmovement plan Feedback is needeatross the different steps

There is no need of additional stimulation if n
Fdzy QliA2ylLEfY AP 9d G¢KS
label should be removed.

6. There are several buttons and options that i
not needed or functional in the screen.

The buttons should be placed in relevant places in
screen. All the actions of the same level at the sg
place, icons instead of buttons, text boxes
windows with explanations, etc.

7. The interfacds not intuitive.

8. The Stop button should be bigger in case
emergency.

Movement of the robot

The robot direction should be shown in the scre
whenever the user is going to start a movem
sequence.

9. Is difficult to understand where the robot
located when starting a movement.

Apart from collisioravoidance systems, the distang
should be constantly notified to the user to preve
collisions.

10. It is difficult to know thedistance between the
robot and the objects.

11. It is more difficult to move the robot comparg The system could be moved just by pointing the
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to pointing the direction the robot move. direction in the map.
12. The environment simulation upper point of vie
seems to be difficult to understand than th The system should provide subjective vision
subjective point of view
It would be preferable if the system detects t
o ) ) object automatically than generate a showlist.
13. The users prefer taninimize the action options i i
The system could allow to point and click one ob
in the environment simulation screen.
14. Users have problems to move the robiot "L"| Lateral movements could be promoted, instead
movements turning.
15. The movement stops when the user grabs | The robot movement should not stop if the user (
pointer out of the square movement pad off the square movement pad
16.L G Qa8 R AW hol def speediud or sio There .should be an speedometer or acoustic sig
(i.e. high frequency sound for higher speeds)
down the movement robot. ;
inform about the speed of the robot
17. The joystick directions not always coincide W

the robot orien@tion in the environment

simulation screen.

The environmensimulation screen should alwa
move with the robot orientation

Moving the robot could be done by cursors insteag
joystick simulation interface

Grasping and leaving functionality

18.

TheuseR2Sa y20 (y26 6K

There should be feedback about the differg
grabbing steps. The user should be aware of
precise moment when pressing the grab option;

system should not allow the user to start a grabb
action which outcome islearly a fail.

19.

It is difficult to know in which arm moveme|
step is the robot.

There should be some visual feedback about
movements.

20.

The users press the grab button too ee
knocking off the object.

When the hand is closed in advance by error
robot movement should be stopped automatically.

The hand should be able to be opened again.

21.

The robot takes too much time to sta
performing the action.

The system should give feedback to the user af
0KS Neo2d adlNIa G206lLN
message.

22.

The movement performance of the hand dc
not take into account the object (the openg
tins content could be spilled)

The movement should take into account the obj
automatically, or ask the user for movement saf
degrees.

23.

Feedback isneeded in the arm movemer
sequence.

24,

There are unnecessary options in the menu.

The actions menu is not intuitive but learnah
Reduce the options, automatize up to t
functionality. The users should skip the steps as m
as possible and only choose functionalities.
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Camera 1 Camera 2

Actions Menu

Virtual Environment Simulation

-o

FIG.4 SUGGESTION OF USABCREEN

Apart from usability and accessibility results of theRBRO, these trials have showed that the user
acceptance of the interaction with the robotic arm through an interface like the one presented is
medium to high. In spite of this difficulties, all therpeipants provided positive or neutral responses to

GL ¢g2ddZ R tA1S (G2 dza$S GKAa, 8383%iphVvidedsgostiye o rieutral S O 2 Y
responses ta¥ ¢ KS NRBOo20GAO INXY OFy KStLI 2 KSfR16PNDAL 21
GCKAA ada2ailSY g2dzZ R YI 1Sy RFerT mgold @seritie Niten hedcadsalBikeld A y -
2 dzaS & dzO rbolt lehdiability yn®$& aféhe responses were also positive showing a good
perception about how the system can be learned.

3 WHOLESYSTEMRETESTN REAIHOME
3.1 TESTOBJECTIVES

The main objectives of this test were to identify technical problems when operating the robot in a real
home environment and to gea first feedback from elderly users on their perception of the robot in
their home.

3.2 TESTENVIRONMENANDPROCEDURE

The test was carried out in two apartments of the same house located near Stuttgart, Germany. Two
elderly people (1 female, age 80; 1 male, age 81) live on the ground floor where the robot was deployed.
For Ul_PRI operation, a remote operator (grandctidchale, age 30) controlled the robot from another
apartment upstairs in the same house.
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The test duration was 1 ¥ days including setup and removal of robot and equipment. There were two
test trials with elderly people, one involving a remote operator. Tmerviewers were attending to the
participants, corresponding to two usage scenarios:

1 Scenario 1: An elderly person was sitting on the couch and used a handheld interaction device to
make the robot fetch a book from a locker in the dining room. Howetrer,robot failed at
executing the task (this failure was planned / simulated) because a stool hindered appropriate
path planning for delivering the object to the user. Therefore, a remote operator (located in
another apartment) was called and remotely igated the robot to deliver the book.

1 Scenario 2: An elderly person was in bed and the robot fetched a medicine box from the window
sill in the kitchen.

The following evaluation methods were used:

9 Evaluation list for technical performance of system comgras
1 Interviews using prepared questions on robot perception

In cases where system components failed or were unavailable, a wit&a approach was adopted
and the robot was remotely controlled with joystick in order to still be able to obtain userimipns on
the fulfilled scenarios. Autonomous and seanitonomous operation was resumed after resolving the
error state.

The sessions were recorded on video with four cameras installed in the apartment and photos were
taken.

In the following, pictures ahe test environment are shown with the robot in actifigures 5 to 12)

FIG.5 EXTERIOR OF HOUSEMROBOT ENTERINGFT)CORRIDOR WITH ROBI® OPERATION DURINIESTRIGHT)
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FIG.6 MOST NARROWASSAGE IN THE APKENRT (BETWEEN DININR®OM AND KITCHEEFY WITHOUT ROBOT; WVITROBOT
PASSING (COULD NGTARCCOMPLISHED INTABOMOUS PATH PLANSIMODECENTRELIVING ROOMRIGHT

FIG.7 BEDROOM; PASSAGEWEEN LIVING ROOMND DINING ROOM
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FIG.8BOOK TO BE GRASPBRDLOCKER

\

FIG.9 MEDICINE BOX TO BEASPED ON KITCHENROW SILL
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FIG.10 FLOOR PLAN GENERAFRDM SENSOR DATABYE ROBOT MOVINEROUND IN APARTMEKARONT LEFT: DINIR®OM,;
FRONT RIGHT: LIVIRGOM; CENTER LERTGKEN; BACK RIGWIHERE ROBOT IS LOEIXTBEDROOM)

FIG.11ELDERLY PERSON ORFBRAUI_LOC (HANDHEANDROID DEVICEBED DURING MEDICINETCHING SCENARIO
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FIG.12 GRANDDAUGHTER CONIRRG THE ROBOT FROREMOTE SITE USMIGPRI (IPAD)

3.3 RESULTS

3.3.1 TECHNICAL PROBLEMS

1.

PN

The most significant problem was that the current state of the SRS components did not allow for an
operation close to the anticipated operation. For a large part, it was necessary to improvise by using
wizardof-o0z (teleoperated mode).

Ul_LOC was not usable because it is not connected to the SRS system yet.

Generation of map for Ul_PRI usage did not winkrefore no navigation by map possible

t NEOofSY 2LISNYGAYy3a GKS addzNYyé¢ O2yGNRBE Ay Lyt wl
button (seefigure 13). The only way to recover was to kill the app.

Remote user did not succeed in navigating thbot to the desired position using manual control
mode in Ul_PRI (likely because of field of view issues and problems estimating position and
distances)

Narrow passages like doors were a significant problem. Door sizes in the apartment were between
73 cmand 80 cm. The robot was unable to pass any of them in autonomous navigation mode. In
fact, passages did not even have to be very narrow. The robot also initially could not find a path
through a wider passage between the living room and dining room figaee 14). Only after we
removed the plant on the left and used another mode of path planning was the robot able to
navigate through the passage.

Quite a lot of space is required around each side of the robot for successful navigation and
manipulation adwities. For example, 1 meter on the right side for the arm to move and 0.8m for the
robot to turn around its own axis.

It was not feasible to teach the two test objects (book and medicine box); therefore an already
known object (milk box) had to be usedrfobject detection and grasp planning which was then
quickly exchanged manually before grasping executionf(gaee 15).

During grasping, the medicine box was slightly crushed and the book cover became damaged
because the book bumped against the lockeese issues might have occurred because a substitute
object, the milk box, was used for calculating the grasping configuration, rather than the real objects
to be grasped)
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10.

11.

12.

13.

14.

15.

16.

Lighting: The robot was unable to recognize objects on a window sill due todtadktjht entering
through the window from outside). It was necessary to close the shutter and use artificial indoor
light to achieve successful object recognition (Bgere 15).

Grasping objects in corners of the apartment or in cramped places wasgilb®

The robot was unable to pick up a book lying flat on a locker. The book had to be standing in upright
position éeefigure 16, left).

The robot was unable to pick up a medicine box lying on a window sill if the box was too close to the
window (gripger fingers have to grasp behind object). It had to be positioned on the front side of
the sill facing the robot (sefgure 16, right).

While the robot was moving , theook fell down from the tray along the way because the only way

it could be placed orhie tray was standing vertically

Robot hardware: When passing door sills, the outer shell of the robot often touched the sill.
Crossing sills in autonomous mode was not possible. It could be beneficial to leave more space
below the lowest point of the robashell in a future revision of the robatde figurel?).

The battery had to be recharged after around 4 hours of operation (unlikely to be a problem under
normal usage conditions)

3.3.2 NECESSARY CHANGEBHEOAPARTMENT

1.

2.
3.

To create the map of the apartment, sorfigrniture and curtains had to be removed temporarily
only.

All carpets had to be removed permanently so the robot could drive properly.

To grasp a book from a cupboard, an adjacent table had to be moved significantly so the robot had
enough space for opation (seefigure 18).

FIG13t wh. [ 9a 2 L (CONTROL BEGGMING ABLE

FP7 ICT r@@ct No. 247772 1 February 2QBD April 2013 Page30of 97



SRS Deliverable 6.2 Due date: Apri2013

FIG.14PASSAGE CAUSING PEENES FOR PATH PLANGII

FIG.15 MILK BOX (ON SILL THE LEFT PICTURE) A SUBSTITUTE GBUEFOR MEDICINE B@N SILL IN THE RIGRICTURE) TO
CIRCUMVENT TEACHIIEMEDICINE BOX; WEHAOF ARTIFICIALHTGTO ENABLE OBJBETECTION BECAUSBAEKLIGHT ENTERING
THROUGH WINDOW
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FIG.16 MILK BOX (OMSILL IN THE LEFTTRIRE) AS A SUBSTIEUJBJECT FOR MEDECBOX (ON SILL INERIGHT PICTURE) TO
CIRCUMVENT TEACH®IEMEDICINE BOX; WHAOF ARTIFICIALHITGIO ENABLE OBJBETECTION BECAUSBAEKLIGHT ENTERING
THROUGH WINDOW

FIG.17PROBLEMATIC DOOR.QIEFT)LOWER BOUND OF RIOBSHELRIGHT)
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FIG.18 TABLE HAD TO BE M@VEO THE LEFT FORBRD TO GRASP THE BGUON THE LOCKER BGDF SPACE REQUIRRDUND
ROBOT)

3.3.3 USER PERCEPTION CEREBOT

In general the two elderly test users felt safe with the robot and had trust in it. The following statements
were made:

Robot appearanceit was stated that the robot looks very ¥ NA SydRita@ &y LI (iTKey hadO ¢ @
imagined it to be much larger (which wiol have been negative) and much maieA y R dzalkieNR | £ €
design of the robot was described @€2 S NB . AB@atedReason was that the technology is hidden and

GKS NRoz2i t221a tA1S I Ksyirfo ahdpBritdrOlifiedan ariathAgMdE® a G |
NRdzy R O2yiG2dzNB yR &a2Fi0 2dziSNJ aKSftf GSNB YSyias;
G 3 2 2ItRskodld be noted however, that the test took place in a rather large apartment. Robot size
would likely be more critical in smaller apartnis.

Robot movement and sounddperation was found to be very quiet, which was perceived positively (the

fan of the builtin computer was the loudest sound emitted). Robot movement was perceived as slow
and smooth. For this reason, participants did norgeve the robot does as dangerous. Before the
robot came to the apartment, the users had the idea of an industrial robot working fast, hectic, rough,
and loud. Therefore, they were surprised in a very positive way. Wheeled operation was preferred over
the possibility of a bipedrobott L 1 Qa yAOS GKIFIG AGQa 2y sKSSta |yR
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