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HumanRobot Interaction

A HRI is a relatively new field in science/technology in which we
study how people can live and work with robots.

A HumanComputer Interaction (HCI).




HRI for S&R/defence

A Collaborative task execution between people and
robots.
I HumanRobotTeaming

A Cognitive ergonomics and situation awareness are the
most important issues.

I Users, e.g. soldierssll not be
roboticsexperts.

I Multitasking withoutdistracting,
e.g. singleoperator multiple-robot
(SOMR) scenarios.







All current personal robots are
non-social machines

A None of these robots are able to interact in a social manner
with people.
A Sociainteraction, such as
i Understand spoken instructions.
I Have a conversation.
I Understand gestures.
i Display and interpret emotions.
I X
A Robots have noprogressed
much beyond the button and

blinking lights of household
appliances.




Humans interactingociallywith robots

A Why is it important? '
I Humans have evolved ove

millions of yearss a social
species.

I Human intelligence is for
the largest part the result
of our sociatognition (cf. e
Tomasellaand others). | \ IS

I Social interaction is very 7{\& o e
intuitive and appears to be ;-,,3;.;,}';},‘:“ | R
very effective, transferring =~
this to machines holds the
promise of being a
brilliant humancmachine
Interface.
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Social robots as scientific instruments (1)

A Understanding sociality

I Robot as a scientific test bed for
theories on sociality, e.g. testing
what elicits social interaction with
children?

I Models can be implemented on
robots and tested in controlled
situations.

Retroprojected face for sociality studies
(Delaunay & Belpaeme, HRI2010, 2011).



Social robots as scientific instruments (2)

A Human learning is primarisocially
situated learning

I From language to complex skills, most of
intelligence beyond that of other animal
species is learnt socially.

I Robot learning as we know it today (e.g. Q *
Iearnlrgrq evolutionary computation) stands
way off from how we, humans, teach
others. A R
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l[oaren_ts and carers invest years into
eaching children; we are very attuned to
social learning.

I A robot captures a continuous stream of
sensor%/ information. In order to learn, it
needs to know what matters: joint
attention.

I The interaction and Physi_cal appearance of
the needs to support social learnirngpcial
affordance
















What i1s heeded for a social robot

A Bodyand brains.

I The physical appearance of the robot needs to support social
Interaction.

I The robot needs social cognition: language, emotion, gestures,
intentions, X




Kitchen aid robot




Building a social robot

A From birth, we show a preference for humans over other form:
of stimuli
I Ifacelikg patterns (gyes and mouth), human voices (especially that of
OF NB IABSNRULZ X
I Infants have protesocial responses, showing they have picked up socia
cues (imitation, gurgles, early speech sourkXis),

A Animacy contingency, and visual appearance are important.
A Babyscheme
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Head and shoulders

A The weightloss robot experiment
I A weightloss program was tried on a laptop and a robot
with a face.
I Robot face is animated and tracks faces.

A In the US 30% of adult population is obese and 35% overweight. This results in
comorbidO2 Y RAUAZ2Y & OKSFNI RAASIFASET OF yOSI

A Compared to just a computer screen or a paper log monitoring calorie intake, the
robot results in a stronger alliance between user and robot and diet is adhered to

for longer. i
(Kidd& Breazeal, 2007






WestvsEast

A Western preference to stay left of the uncanny valley.
A Eastern preference to explore the right.
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Androids
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Androids

A Ishiguro, and most Japanese HRI researchers, believes robots need to
resemble people for the robot to be accepted as a fully sentient being.




Uncanny valley

A Mori (1970) hypothesized the relation between human likeness and perceived
familiarity: familiarity increases with human likeness untiluscanny valleys
reached caused by sensitivity to perceived imperfections in-heananlike
forms. Movement, according to Mori, magnifies the uncanny valley.
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Is the uncanny valley real?

I
é

dimension.

I More proposed physical resemblance
but there are also linguistic, acoustic,
Kinetic dimensions.

A However, it is likely that people
quickly habituate to uncanny -
robots (cf. prosthetic limbs).

A Itisand in more than one "“]' '




Cognition (1)

A Building robot bodies is to a large extent feasible.

I Given sufficient resources, we can build robots that approach human
like sensorimotorcapabilities.

I Some issues remain: energy autonomy, rigidity of motors and robot
construction, vulnerability, ...

A The biggest challenge at the moment seems to be artificial
cognition.
I Just as Al was getting somewhere (Google,

search, planning, ...), humanbot interaction
shows that Al is extremely brittle.




Cognition (2)

A Cognition in HRI needs to deal with...

I A dynamic and open social environment. Al
solutions can deal with uncertainty, but not to the
extent experienced Iin social interaction.

I A multrmodal interaction, including vision,
language, gesture, pointing, backannel
feedback, joint attention, turn taking, emotion, ...

A Most of these problems are far from being
solved in Al.



Wizard of Oz

A Teleoperation of robot, using
human cognition instead of artificia
cognition.

A The majority of all HRI research
today usedNVoZto some extent.

I Sometime3NoZis just what is needed,
for example, for interacting with ASD
patients.

I But greater autonomy of social robots is
the holy grail.



Anthropomorphisation

A Attributing human motivation, characteristics or
behaviour to nonhuman organisms or inanimate
objects.

i A dog displays emotions, surely” == == == —=—
i Ever talked to your computer |-
or your car?

A Anthropomorphisatioris a blessing for robot builders




Longterm HRI

A Most HRI is situated in the hesnd-now and last no longer
than a few minutes.

I People soon see the mechanism behind
the robot or Al and lose interest.

i ¢KS NRo2Ga R2y Qi t€SINYy 2N IR
I We struggle to cross the 10h barrier in HRI (10h of possibly
discontinuous interaction with a robot, before losing interest).

A How can we build a robot that can be a
long-term companion for people?




Socilalisation between robot and toddlers

A Technical details
I 18 to 24month old toddlers in US nursery.

I Sony QRIO, some autonomy, but Wizard of
Oz setup to control more complex
behaviour,

I 45 sessions of 50 minutes (= battery dead)
over 5 months.

A Lessons learnt

I Short attention span: nothing buta =
reactive robotwill do, e.g. buttorgiggle
behaviour.

TanakaCicoure] Movellan(2007) PNAS, 104(46)



Socialisation between robot and toddlers (2)

A All episodes videotaped and
coded for quality of
Interaction between robot
and children.

T Phase I: reactive behaviour
with WoZ

I Phase Il: dancing.
I Phase Ill: same as I.

of Interaction

Quality




Socialisation between robot and toddlers (3)

A Bonding and socialisation occur.

I Checked against two control objects: a toy bear and an inanimate
robot.

I Robot is seen as social being by the toddlers, having beliefs and
Intentions.



Socialisation between robot and toddlers (4)

A Hapticinteraction seen as
Important.
I Touching the robot (hugging, tapping,
offering objects) predicts quality of
Interaction.

A Limitations...

I Prelinguistic children, not clear if
Interaction carries over to older
children (but see Kanda et al.).




Field trials in primary school

A RoboVieobot in class of 37 children (10.5y
old) in Japan.

I 100 preprogrammed behaviours (signing,
greeting, playing simple games, telling secrets, ...

I recognition of children using RFID tags. | (Taka;;ki Kanda)

A Personalisation (through calling out names),
GRSOSt 2LIYSY (¢ o6dzyft 201 Ay3a 27
time) and telling secrets.

A 2/3 of children interacted less after 5 to 7
weeks (for various reasons), others remained
engaged with robot.

I Children who were least interested in the technical
aspects of the robot, had strongest bond.

Kanda, T. et al. (2007) IEEE Transactions on Robotics



| essons learnt

A Children readily anthropomorphise robots (more so than
adults)

I Not all children do however.

A Results from these studies rely heavily on a bag of pre
LIN2E AN} YYSR GUNROl&a¢€E G6KAOK |
the young users.

A These experiments relied on unstructured interactions, which
are the low hanging fruit of HRI.

A Unpredictability and novelty seem to be key.



HRI and healthcare

A Variety of potential healthcare
applications.
I Provisionof healtheducation

I Supporting communicatiohetween
patients andhealthcare professionals

I Providingentertainment forpatients.

A Interactionswith human users be
as naturalistic as possible.

A Need for progress in sustaining
non-continuous, temporally
extended sociahteractions with
users.




Threads (1)

A Structuredhumanrobot interaction from the range of minutes to the
rangeof days

(Cynthia Breazeal) (IROMEC FP6) (Takayuki Kanda)

A Robotic companions ichild-robot interaction.

i Different from adultrobot interaction, more promising applications.
A Robustd  \RELIITKE AYUSNF OUAZY

I Robustness against leguality perception and interpretation.
A Longterm memoryand selfsustained longerm interaction

I Key to longterm interaction is having personalisecadaptive memory
storing experiences and interaction episodes.



Threads (2)

A Out of the lab into theeal world: therapeutic settingsyearly
evaluationwith end users.

I Evaluation in paediatrics department of Hospital Eaffaele
I Users will be8-yearold diabetic patients.
A Analysis and synthesis of emotion aafectin humanrobot
Interaction.
I Affect has only been experimentally studied in skerm HRI.

A Pervasivdearning and adaptation

I Learning experiences will be unstructured. Learning will rely on an arra
of different approaches.

A Cloud computingascomputational resource on autonomous
systems.

I Extending embedded computational power by using networked
processing.



Naoplatform

A AldebararNaohumanoid robot.
I 58cm, 4.3kg, 25 DOF.

I Sensors and actuators: 2 speakers, 4
microphones, 2 cameras, gyro, accelerome
range sensors (2 IR, 2 sonar).

i AMDGEODE 500Mhz, 256Mb, 1Gb flash
I WiFi

A Why?
I Available andather cheap: 12,00@.

I Perceived positively by (most) children of &
ages.

I Safe for close interaction.

I Nearcommercial product, easier to herd
through ethical approval.
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A Sample: Two Italian classrooms, involving children in atfe 8
(N=35)
I Elementary school:-8 years old (N=21)
I Middle school: 1611 years old (N=14)
A Quick presentation of the Robots to the full class.
A Division in small groups-&children) and discovery of the robot
capabilities
I Each small group had 15 minutes to discovery the robot functionalities.
A Post questionnaire

I Questionnaire about their opinions on the robot and on the experience.
I Q&A session with the engineers.



Perception of robot characteristics

| think that Naois:

| think that Naocan:
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Humanization of the robot

Doesthe robot havefeelings What does it resemble?
100.0% 88.6% 70.0% 60.0%
60.0%
80.0% 50.0% 45.7%
o, 40.0%
60.0% 30.0%
20.0% 17.1%
40.0% -7
10.0% 0.0%  0.0% l
20.0% 11.4% 0.0%
Q} 'b(\ \& ’b\ Q}
0.0% N & L & &
° o((\Q \2\0 (Jo(\ vﬁ\\ 0
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What does it look like? _ _
| think that Naocouldhelp meif | would be

100.0% 88.6% -
80.0% sador worried:
60.0%
AYesA 100%
0,
B s ANOA 0%
20.0%
0.0% 0.0% 0.0%
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1 % 1 %
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22.9%
11.4%

Companion Teacher Coach



Three illustrations

A Emotion from body language.
A Child speech recognition.
A NonHlinguistic utterances.



Naobodily expression of emotions

A TheNaohas limited capability for
facial expressions.

A ls it possible to correctly identify
emotions displayed biaad?

A What is the effect of moving the
head on the interpretation of an
emotion?

(A: Anger, B: Sadness, C: Fear,
D: Pride, E: Happinesstkcitement)

Aryel BeckCafamerand Bard. University dflertforshire



Emotion Displayed (ED)

Head Position (HP)

Straight

Sadness

Up
«
L

Straight

Straight
1
E.

Straight
4

Down

Happiness

Excitement




Naobodily expression of emotions (3)

A Affect Space for Body Language

I An Affect Space was generated using the results c

Experiment 1 and was tested empirically.
7 females and 16 males, M=27.27.80y.

Example of Key poses generated by the system (100%
Sadness. 70% Sadness 30% Fear. 50% Sadness 50%
Fear. 30% Sadness 70% Fear. 100% Fear).

Aryel Beck A. HiolleMazeland L.Cafamero University oHertforshire



Child speech recognition

A Acousticand linguistic characteristics of
children'sspeechdiffer widely from those of
adult speech.

I Performance of ASR for adult speatdtreases

drastically when applietb children's speech, In
particular foryoungerchildren

Potamianos,A. and Narayanan,. $003) Robugstcognition of children'speechJEEHrans. Speech and Audio Proc.
11(6):603616.

Gerosa M., Giuliani, D. andrugnara F (2007) Acousti¥ariability and automatic recognition of childresigseech,
SpeectCommunication49.



Child speech recognition (2)

A9OSY UGNIYAYAY3I 2y 1 {w Y2I
word error rate iIs much higher than for adults.
Childitdatabase, trained on 129 speakers (64 females and 65 malé8ys/

Word-level training

mwn -
19.0% | 14 2.4%

(b) Extra |y 1 N+SAT+SMAPLR plianeilic- eve,
Test transcription training
Best score | 18.8% 2.2 16.4%

AU = acoustic units

Fabio Tesser, Giacomo SommavifaeroCosj CNRPadova



Child speech recognition (3)

A Redesign of ASR for (Italian) child speech
recognition needed.

A CMU Sphinx engine: open, LVCSR (Large
Vocabulary Continuous Speech Recognition),
N-best list output and speaker adaptation

tEChniqueS_ Used to adapt to
.o OKAf RNBy Qa
A Training on 2 datasets. Vocal Tract Length

Normalisation.

A ASR ofboard as computational
power/memory not sufficient.



Nonlinguistic utterances

A Noninguistic utterance (NLU)

T Conversational fillerajhms ah,
clicks, beeps, ...

I Used extensively in HRI.
I Language invariant.

A Questions

I Are people coherent in their interpretation of NLUs, given no context?

I Does this change across utterance class (huhkananimallike,
technological)?

i 528Sa (GKS NRo20GQa Y2NLIK2f23& YI O

Robin ReadUniversity of Plymouth.



NonHlinguistic utterances (2)

- 4 4 Select Affetive Stat

Play Sound

Appropriate?

(40x) <€



Non-linguistic utterances (3)

A Users are coherent in I o a1
interpreting NLUS. ougene 0 s
I No context needed, no Luke O Values
{1eoglt1SNJ al eaA r T
8 2dzQNB dzLJa Sid w bl el e
Overall 0.469
) Nao Females 0.478
A Ready to collect data with — —
. ales I
school children . — 0470
vera L
I Will b_e used to train inverse PO =— e
mapping between affect space
and 15dimensional input for a Males 04

NLU synthesiser.
4 4



Field trials

A Children either like something ) ) )
2N UKSe R2yQud ¢KS 3J22R Yy Sg.
they like robots] .

A Unpredictability and failure is
Incredibly engaging.

A Ethical
approval/Certification/Data
protection issues abound.

A Experimenting in a hospital is
tough: children with broken o
f S3a R2yQu RIYyOSO®



Open questions

A What cognitive mechanisms underbathropomorphisation
at its different levels?

I Its origins might be explained by evolutionary psychology, but what is
going on in the brain? Is the mirror neuron system implicatedAftib
later)?

A How can we move away from Wizard of Oz towards

autonomous HRI?

A What is the role of memory in losgrm humanrobot
Interaction?

Al 2¢g G2 3IASG NAR 2F GKS aOSAf,;
A Almost any unpredictablbehaviourworks: a robot that does not look
at child is a big hit, because it acts like a robot.



Thank you

A Material by Aryel Beck, LoBafiamerpAntoine Hiolle,
Rosemarijn Looilje, Marco Nalin, Robin Read, Giacomo
Sommauvilla, Fabio Tesser, ...

A The EU FP7 ALEZproject.






Field tests

A Many HRI experimentation is limited to using clean input from
well-behaved students perceived in ideal lab conditions.
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What does the future hold?

A Social robotwvill find their way into our homes.

I Many big players are keeping an ear to the ground and
preparing to claim a part of the market.

iaAONRaz2F0Qa . Aff DFEGS&a o6Sf
revolution very similar to the PC revolution of the 1990s.

A There are early successes.

I Sometimes in the most unlikely places

I Paroseal
robot




ALIZE project

A European fundegbroject (8.4M, 4.5y, 9 partners).
A Project too ambitious to carry out at one site.

A

Imperial College Londo
Adaptive behaviour '

University of Hertfordshire
Affective interaction

University of Plymouth
Longterm memory

Gostai- Paris I
Cloud computing I

Hospital SafRaffaele
Evaluation site

f ¢
TNO- Delft
User modelling
_ -
A&V perception
,’ X A
‘," DFKF Saarbriicken
A Natural language
“.\. »' f-"“"“»-—/‘ -
L a ™ CNR Padova
- il Speech recognition
7 -\ N -
™
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Vrije UniversiteitBrussel
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http://www.aliz-e.org/
http://www.aliz-e.org/
http://www.aliz-e.org/
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http://www.youtube.com/watch?v=m7LF3Uzw-4Q
http://www.youtube.com/watch?v=m7LF3Uzw-4Q
http://www.youtube.com/watch?v=m7LF3Uzw-4Q
http://spectrum.ieee.org/automaton/robotics/humanoids/040210-who-is-afraid-of-the-uncanny-valley
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Automata

A Duck Yaucanson1738)
A Writing android JaquetDroz 1772)




Chesgplaying automata

A Chess playing Turk (véempelen 1770)
A ElAjedrecistaTorres yQuevedg 1912)




Robots

A Robots around since early 1960s
I Unimaterobot arm for displacing objects.
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Some robots that made it

A There are only a handful of robots that made it into
the house




Edutainment robots




Service robots







