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Human-Robot Interaction

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

ÅHuman-Computer Interaction (HCI).



HRI for S&R/defence
ÅCollaborative task execution between people and 

robots.
ïHuman-Robot Teaming.

ÅCognitive ergonomics and situation awareness are the 
most important issues.
ïUsers, e.g. soldiers, will not be 

robotics experts.
ïMultitasking without distracting, 

e.g. single-operator multiple-robot 
(SOMR) scenarios.



¢ƻ ōƻƭŘƭȅ ƎƻΧ



All current personal robots are 
non-social machines

ÅNone of these robots are able to interact in a social manner 
with people.

ÅSocial interaction, such as
ïUnderstand spoken instructions.
ïHave a conversation.
ïUnderstand gestures.
ïDisplay and interpret emotions.
ïΧ

ÅRobots have not progressed 
much beyond the button and 
blinking lights of household 
appliances.



Humans interacting sociallywith robots

ÅWhy is it important?
ïHumans have evolved over 

millions of years as a social 
species. 

ïHuman intelligence is for 
the largest part the result 
of our social cognition (cf. 
Tomaselloand others).

ïSocial interaction is very 
intuitive and appears to be 
very effective, transferring 
this to machines holds the 
promise of being  a 
brilliant human ςmachine 
interface.



Social robots as scientific instruments (1)

ÅUnderstanding sociality
ïRobot as a scientific test bed for 

theories on sociality, e.g. testing 
what elicits social interaction with 
children?

ïModels can be implemented on 
robots and tested in controlled 
situations.

Retro-projected face for sociality studies 
(Delaunay & Belpaeme, HRI2010, 2011).



Social robots as scientific instruments (2)

ÅHuman learning is primarily socially 
situated learning.
ï From language to complex skills, most of 

intelligence beyond that of other animal 
species is learnt socially.

ïRobot learning as we know it today (e.g. Q-
learning, evolutionary computation) stands 
way off from how we, humans, teach 
others.

ïtŜƻǇƭŜ ƘŀǾŜ ŀƴ άǳǊƎŜέ ǘƻ ǘŜŀŎƘΥ ŜΦƎΦ 
parents and carers invest years into 
teaching children; we are very attuned to 
social learning.

ïA robot captures a continuous stream of 
sensory information. In order to learn, it 
needs to know what matters: joint 
attention.

ï The interaction and physical appearance of 
the needs to support social learning: social 
affordance.











What is needed for a social robot
ÅBody and brains.
ïThe physical appearance of the robot needs to support social 

interaction.

ïThe robot needs social cognition: language, emotion, gestures, 
intentions, Χ

vs



Kitchen aid robot



Building a social robot

ÅFrom birth, we show a preference for humans over other forms 
of stimuli
ïFace-like patterns (eyes and mouth), human voices (especially that of 
ŎŀǊŜ ƎƛǾŜǊǎύΣ Χ

ï Infants have proto-social responses, showing they have picked up social 
cues (imitation, gurgles, early speech sounds, Χύ

ÅAnimacy, contingency, and visual appearance are important.

ÅBaby scheme

Eibl-Eibesfeldt



Head and shoulders
ÅThe weight-loss robot experiment

ïA weight-loss program was tried on a laptop and a robot 
with a face. 

ïRobot face is animated and tracks faces.

Å In the US 30% of adult population is obese and 35% overweight. This results in 
comorbidŎƻƴŘƛǘƛƻƴǎ όƘŜŀǊǘ ŘƛǎŜŀǎŜΣ ŎŀƴŎŜǊΣ ŘƛŀōŜǘŜǎΣ Χύ

Å 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.

(Kidd & Breazeal, 2007)



Autom



West vsEast
ÅWestern preference to stay left of the uncanny valley.
ÅEastern preference to explore the right.

iCat, Philips AIBO, Sony

GRACE              iCub NeXi KeepOn



Androids
ÅIƛǊƻǎƘƛ LǎƘƛƎǳǊƻ ŀƴŘ Ƙƛǎ άgeminoidέ



Androids
Å 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
Å Mori (1970) hypothesized the relation between human likeness and perceived 

familiarity: familiarity increases with human likeness until an uncanny valley is 
reached caused by sensitivity to perceived imperfections in near-humanlike 
forms. Movement, according to Mori, magnifies the uncanny valley.



Is the uncanny valley real?

Å It isand in more than one 
dimension.
ïMore proposed physical resemblance, 

but there are also linguistic, acoustic, 
kinetic dimensions.

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



Cognition (1)

ÅBuilding robot bodies is to a large extent feasible.
ïGiven sufficient resources, we can build robots that approach human-

like sensorimotorcapabilities.

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

ÅThe biggest challenge at the moment seems to be artificial 
cognition.
ïJust as AI was getting somewhere (Google, 

search, planning, ...), human-robot interaction
shows that AI is extremely brittle.



Cognition (2)

ÅCognition in HRI needs to deal with... 

ïA dynamic and open social environment. AI 
solutions can deal with uncertainty, but not to the 
extent experienced in social interaction.

ïA multi-modal interaction, including vision, 
language, gesture, pointing, back-channel 
feedback, joint attention, turn taking, emotion, ...

ÅMost of these problems are far from being 
solved in AI.



Wizard of Oz

ÅTele-operation of robot, using 
human cognition instead of artificial 
cognition.

ÅThe majority of all HRI research 
today uses WoZto some extent.
ïSometimes WoZis just what is needed, 

for example, for interacting with ASD 
patients.

ïBut greater autonomy of social robots is 
the holy grail.



Anthropomorphisation
ÅAttributing human motivation, characteristics or 

behaviour to nonhuman organisms or inanimate 
objects.
ïA dog displays emotions, surely?

ïEver talked to your computer
or your car?

ÅAnthropomorphisationis a blessing for robot builders.



Long-term HRI
ÅMost HRI is situated in the here-and-now and last no longer 

than a few minutes.
ïPeople soon see the mechanism behind 

the robot or AI and lose interest.
ï¢ƘŜ Ǌƻōƻǘǎ ŘƻƴΩǘ ƭŜŀǊƴ ƻǊ ŀŘŀǇǘΦ
ïWe struggle to cross the 10h barrier in HRI (10h of possibly 

discontinuous interaction with a robot, before losing interest).

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



Socialisation between robot and toddlers

ÅTechnical details
ï18 to 24-month old toddlers in US nursery.

ïSony QRIO, some autonomy, but Wizard of 
Oz setup to control more complex 
behaviour.

ï45 sessions of 50 minutes (= battery dead) 
over 5 months.

ÅLessons learnt
ïShort attention span: nothing but a 

reactive robotwill do, e.g. button-giggle 
behaviour.

Tanaka, Cicourel, Movellan(2007) PNAS, 104(46).



Socialisation between robot and toddlers (2)

ÅAll episodes videotaped and 
coded for quality of 
interaction between robot 
and children.
ïPhase I: reactive behaviour 

with WoZ.

ïPhase II: dancing.

ïPhase III: same as I.



Socialisation between robot and toddlers (3)

ÅBonding and socialisation occur.
ïChecked against two control objects: a toy bear and an inanimate 

robot.

ïRobot is seen as social being by the toddlers, having beliefs and 
intentions.



Socialisation between robot and toddlers (4)

ÅHapticinteraction seen as 
important.
ïTouching the robot (hugging, tapping, 

offering objects) predicts quality of 
interaction.

ÅLimitations...
ïPre-linguistic children, not clear if 

interaction carries over to older 
children (but see Kanda et al.).



Field trials in primary school

ÅRoboVierobot in class of 37 children (10.5y 
old) in Japan.
ï100 pre-programmed behaviours (signing, 

greeting, playing simple games, telling secrets, ...)

ï recognition of children using RFID tags.

ÅPersonalisation (through calling out names), 
άŘŜǾŜƭƻǇƳŜƴǘέ όǳƴƭƻŎƪƛƴƎ ƻŦ ōŜƘŀǾƛƻǳǊǎ ŀŦǘŜǊ 
time) and telling secrets.

Å2/3 of children interacted less after 5 to 7 
weeks (for various reasons), others remained 
engaged with robot.
ïChildren who were least interested in the technical 

aspects of the robot, had strongest bond.

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

(Takayuki Kanda)



Lessons learnt

ÅChildren readily anthropomorphise robots (more so than 
adults)
ïNot all children do however.

ÅResults from these studies rely heavily on a bag of pre-
ǇǊƻƎǊŀƳƳŜŘ άǘǊƛŎƪǎέΣ ǿƘƛŎƘ ŀǊŜ ǘƘŜƴ ŀƴǘƘǊƻǇƻƳƻǊǇƘƛǎŜŘ ōȅ 
the young users.

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

ÅUnpredictability and novelty seem to be key.



HRI and healthcare

ÅVariety of potential healthcare 
applications.
ïProvision of health education

ïSupporting communication between 
patients and healthcare professionals

ïProviding entertainment for patients.

Å Interactions with human users be 
as naturalistic as possible.

ÅNeed for progress in sustaining 
non-continuous, temporally 
extended social interactions with 
users.

(Boston Globe)



Threads (1)
Å Structuredhuman-robot interaction from the range of minutes to the 

rangeof days.

Å Robotic companions in child-robot interaction.
ïDifferent from adult-robot interaction, more promising applications.

Å Robust άŀƴȅ-ŘŜǇǘƘέ ƛƴǘŜǊŀŎǘƛƻƴ.
ïRobustness against low-quality perception and interpretation.

Å Long-term memoryand self-sustained long-term interaction.
ïKey to long-term interaction is having a personalisedadaptive memory 

storing experiences and interaction episodes.

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



Threads (2)
ÅOut of the lab into the real world: therapeutic settings, yearly 

evaluation with end users.
ïEvaluation in paediatrics department of Hospital San Raffaele.

ïUsers will be 8-year old diabetic patients.

ÅAnalysis and synthesis of emotion and affect in human-robot 
interaction.
ïAffect has only been experimentally studied in short-term HRI.

ÅPervasive learning and adaptation.
ïLearning experiences will be unstructured. Learning will rely on an array 

of different approaches.

ÅCloud computingas computational resource on autonomous 
systems.
ïExtending embedded computational power by using networked 

processing.



Naoplatform

ÅAldebaranNaohumanoid robot.
ï58cm, 4.3kg, 25 DOF.

ïSensors and actuators: 2 speakers, 4 
microphones, 2 cameras, gyro, accelerometer, 
range sensors (2 IR, 2 sonar).

ïAMDGEODE 500Mhz, 256Mb, 1Gb flash.

ïWiFi.

ÅWhy?
ïAvailable and rather cheap: 12,000 ϵ.

ïPerceived positively by (most) children of all 
ages.

ïSafe for close interaction.

ïNear-commercial product, easier to herd 
through ethical approval.





/ƘƛƭŘǊŜƴΩǎ ŀǘǘƛǘǳŘŜǎ ǘƻ bŀƻ
ÅSample: Two Italian classrooms, involving children in age 8-11 

(N=35)
ïElementary school: 8-9 years old (N=21)

ïMiddle school: 10-11 years old (N=14)

ÅQuick presentation of the Robots to the full class.

ÅDivision in small groups (4-5 children) and discovery of the robot 
capabilities
ïEach small group had 15 minutes to discovery the robot functionalities.

ÅPost questionnaire
ïQuestionnaire about their opinions on the robot and on the experience.

ïQ&A session with the engineers.



Perception of robot characteristics
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Humanization of the robot
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I think that Naocouldhelp me if I would be
sador worried:

ÅYes Ą 100%
ÅNo Ą 0%



Relational aspects of the robot
Duringthe activitiesI felt:
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I would like to spendmore time with Nao:

ÅYes Ą 100%
ÅNo Ą 0%

Doesthe robot havefriends:

ÅYes Ą 100%
ÅNo Ą 0%

Doesthe robot havea family:

ÅYes Ą 97%
ÅNo Ą 3%
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Three illustrations

ÅEmotion from body language.

ÅChild speech recognition.

ÅNon-linguistic utterances.



Naobodily expression of emotions

ÅThe Naohas limited capability for 
facial expressions.

Å Is it possible to correctly identify 
emotions displayed by Nao?

ÅWhat is the effect of moving the 
head on the interpretation of an 
emotion?

(A: Anger, B: Sadness, C: Fear,

D: Pride, E: Happiness, F: Excitement)
Aryel Beck, Cañameroand Bard. University of Hertforshire.





Naobodily expression of emotions (3)

ÅAffect Space for Body Language

ïAn Affect Space was generated using the results of 
Experiment 1 and was tested empirically. 
7 females and 16 males, M=27.22 ± 7.80y.

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. Hiolle, Mazeland L. Cañamero.  University of Hertforshire.



Child speech recognition

ÅAcoustic and linguistic characteristics of 
children's speech differ widely from those of 
adult speech.

ïPerformance of ASR for adult speech decreases 
drastically when applied to children's speech, in 
particular for youngerchildren.

Potamianos, A. and Narayanan, S. (2003) Robust recognition of children's speech, IEEE Trans. Speech and Audio Proc., 
11(6):603-616.
Gerosa, M., Giuliani, D. and Brugnara, F. (2007) Acoustic Variability and automatic recognition of children's speech,
Speech Communication, 49.



Child speech recognition (2)

Å9ǾŜƴ ǘǊŀƛƴƛƴƎ ƻƴ !{w ƳƻŘŜƭǎ ƻƴ ŎƘƛƭŘǊŜƴΩǎ ǎǇŜŜŎƘΥ 
word error rate is much higher than for adults. 
ChildItdatabase, trained on 129 speakers (64 females and 65 males), 7-13ys.

AU = acoustic units

Fabio Tesser, Giacomo Sommavilla, PieroCosi, CNR Padova



Child speech recognition (3)

ÅRedesign of ASR for (Italian) child speech 
recognition needed.

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

ÅTraining on 2 datasets.

ÅASR off-board as computational 
power/memory not sufficient.

Used to adapt to 
ŎƘƛƭŘǊŜƴΩǎ ǾƻŎŀƭ ǘǊŀŎǘΦ 

Vocal Tract Length 
Normalisation.



Non-linguistic utterances

ÅNon-linguistic utterance (NLU)
ïConversational fillers, uhms, ah, 

clicks, beeps, ...

ïUsed extensively in HRI.

ïLanguage invariant.

ÅQuestions
ïAre people coherent in their interpretation of NLUs, given no context?

ïDoes this change across utterance class (human-like, animal-like, 
technological)?

ï5ƻŜǎ ǘƘŜ ǊƻōƻǘΩǎ ƳƻǊǇƘƻƭƻƎȅ ƳŀǘǘŜǊΚ

Robin Read, University of Plymouth.



Non-linguistic utterances (2)



Non-linguistic utterances (3)

ÅUsers are coherent in 
interpreting NLUs.
ïNo context needed, no Luke 
{ƪȅǿŀƭƪŜǊ ǎŀȅƛƴƎ άL ƪƴƻǿ 
ȅƻǳΩǊŜ ǳǇǎŜǘ wн5нέ ƴŜŜŘŜŘΦ

ÅReady to collect data with 
school children .
ïWill be used to train inverse 

mapping between affect space 
and 15-dimensional input for a 
NLU synthesiser.



Field trials

ÅChildren either like something 
ƻǊ ǘƘŜȅ ŘƻƴΩǘΦ ¢ƘŜ ƎƻƻŘ ƴŜǿǎΥ 
they like robots J.

ÅUnpredictability and failure is 
incredibly engaging.

ÅEthical 
approval/Certification/Data 
protection issues abound.

ÅExperimenting in a hospital is 
tough: children with broken 
ƭŜƎǎ ŘƻƴΩǘ ŘŀƴŎŜΦ



Open questions

ÅWhat cognitive mechanisms underlie anthropomorphisation
at its different levels?
ï Its origins might be explained by evolutionary psychology, but what is 

going on in the brain? Is the mirror neuron system implicated (cf. Arbib
later)?

ÅHow can we move away from Wizard of Oz towards 
autonomous HRI?

ÅWhat is the role of memory in long-term human-robot 
interaction?

ÅIƻǿ ǘƻ ƎŜǘ ǊƛŘ ƻŦ ǘƘŜ άŎŜƛƭƛƴƎ ŜŦŦŜŎǘέΚ
Å Almost any unpredictable behaviourworks: a robot that does not look 

at child is a big hit, because it acts like a robot.



Thank you

ÅMaterial by Aryel Beck, Lola Cañamero, Antoine Hiolle, 
Rosemarijn Looije, Marco Nalin, Robin Read, Giacomo 
Sommavilla, Fabio Tesser, ... 

ÅThe EU FP7 ALIZ-E project.





Field tests

ÅMany HRI experimentation is limited to using clean input from 
well-behaved students perceived in ideal lab conditions.

Å/ƘƛƭŘǊŜƴ Řƻ  ƴƻǘ  ōŜƘŀǾŜΧ ŀ ƘƻǘŜƭ ǊƻƻƳ ƛƭƭǳǎǘǊŀǘƛƻƴ



What does the future hold?
ÅSocial robots will find their way into our homes.
ïMany big players are keeping an ear to the ground and 

preparing to claim a part of the market.
ïaƛŎǊƻǎƻŦǘΩǎ .ƛƭƭ DŀǘŜǎ ōŜƭƛŜǾŜǎ ǘƘŜǊŜ ǿƛƭƭ ōŜ ŀ Ǌƻōƻǘ 

revolution very similar to the PC revolution of the 1990s.

ÅThere are early successes.
ïSometimes in the most unlikely places.
ïParoseal 

robot



ALIZ-E project

ÅEuropean funded project (8.4Mϵ, 4.5y, 9 partners).

ÅProject too ambitious to carry out at one site.

Åwww.aliz-e.org

University of Plymouth
Long-term memory

University of Hertfordshire
Affective interaction

Imperial College London
Adaptive behaviour

Gostai- Paris
Cloud computing

TNO - Delft
User modelling

VrijeUniversiteitBrussel
A&V perception

DFKI - Saarbrücken
Natural language

Hospital San Raffaele
Evaluation site

CNR - Padova
Speech recognition

http://www.aliz-e.org/
http://www.aliz-e.org/
http://www.aliz-e.org/






Åhttp://www.youtube.com/watch?v=m7LF3Uzw-4Q
Åhttp://spectrum.ieee.org/automaton/robotics/humanoi

ds/040210-who-is-afraid-of-the-uncanny-valley

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

ÅDuck (Vaucanson, 1738) 

ÅWriting android (Jaquet-Droz, 1772)



Chess-playing automata

ÅChess playing Turk (von Kempelen, 1770)

ÅEl Ajedrecista(Torres y Quevedo, 1912)



Robots

ÅRobots around since early 1960s
ïUnimaterobot arm for displacing objects.

Å!ƭǿŀȅǎ ƘŀǾŜ ōŜŜƴ ǘƘŜ ǘƻƻƭ ƻŦ ŎƘƻƛŎŜ ŦƻǊ άǘƘǊŜŜ 5έ 
situations.  

Unimate, GM arm



Some robots that made it

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



Edutainment robots



Service robots




