Cognitive Systems 2012
ALIZ-E

Adaptive strategies for sustainable long-term social interaction

Tony Belpaeme
Plymouth University

@ cosmi

¢ PEm Y & ok (I



http://www.dfki.de/web
http://www.dfki.de/web
http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg



http://www.dfki.de/web
http://www.dfki.de/web
http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg

Adapive Straticge fr Sustanabe Lang- Term Socll Iteraction

Overview

* Develop science and technology behind cognitive
robots which are capable of maintaining long-term
interaction with young users.

— Rooted in social behaviour: cognition is inherently and
continuously grounded in social interaction.

TTS/Language
production
Paralinguistic
utterances

ASR/Audio Cognitive architecture
Vision Memory

Sensors Adaptivity and learning
Emotion

Understanding social human-robot interaction
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Research challenges...

 Human-robot interaction from the range of minutes to the range of
days.

(Cynthia Breazeal) (Takanori Shibata) (Takayuki Kanda)

Robotic companions in child-robot interaction.
— Different from adult-robot interaction, more promising applications.

Robust “any-depth” interaction.
— Robustness against low-quality perception and interpretation.

Long-term memory and self-sustained long-term interaction.

— Key to long-term interaction is having a personalised adaptive memory storing experiences
and interaction episodes.
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Research challenges

Out of the lab into the real world: therapeutic settings, yearly
evaluation with end users.

— Evaluation in paediatrics department of Hospital San Raffaele.

* Analysis and synthesis of emotion and affect in human-robot
interaction.

* Pervasive learning and adaptation.
* Speech recognition.
e Cloud computing

— Extending embedded computational
power by using networked processing.

W @ ek (IW MR @ s


http://www.dfki.de/web
http://www.dfki.de/web
http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg

HRI and healthcare

* Variety of potential healthcare
applications.

— Provision of health education

— Supporting communication between
patients and healthcare professionals

— Providing entertainment for patients.

(Boston Globe)

* Interactions with human users as
naturalistic as possible.

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

/1

R San Raffaele ho'spital, Milan
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Aldebaran Nao

 Aldebaran Nao humanoid robot.

58cm, 4.3kg, 25 DOF.

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

AMD GEODE 500Mhz, 256Mb, 1Gb flash
(new Intel Atom 1.6Ghz, 2Gb, 4Gb flash).

Price: about 12kE£.

Appearance and size: perfect for user
base.

Functionality: unrivalled at the moment.
Project hits ground running.
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Audio Processing

Voice Activity Detection
* Energy based
* Noise properties are updated
* Real-time processing, integrated on Nao

Sound Source Localisation

* Calibrated for Nao’s geometry to address
its shape influence

GEORGIOS &
’Ammmnwumwnm

* High angular resolution
*  OQutperforms in-built localisation

* Improved accuracy by accounting for the
microphones’ frequency responses

e  Performance assessed under internal
and ambient noise conditions

* Speech denoising techniques fused with
Sound Source Localization

@ GOSTAI -

e DT Y b meyackee I



http://www.dfki.de/web
http://www.dfki.de/web
http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg

Child automated speech recognition

* Hard problem
— ASR is optimised for adult speech,
vocal tract length variation, more
pronunciation errors.
e Access to code needed: Julius

(Sphinx3 abandoned).

Acoustic model

— Trained on Italian adult voices
(CLIPS Corpus) and children’s
voices (Childit Corpus).

— Additional Italian children’s
speech (read and spontaneous)

4 Julius

— Core engine Clibrary Type #Snt #Wrd Corr Ins  WER

— Multi-model recognition ch 15 99 81.8% 12.1% 18.2%
— N-best / Word lattice / Confusion network qf 11 61 05.1% 1.6% 4.9%
text sf 10 38 34.2% 28.9% 65.8%
oM e s AsR ((( dg 5 20 35.0% 55.0% 65.0%
O N Sum 41 218 72.9% 16.1% 27.1%
 rmal Status. LM-1 Iﬂ illustration of recognition performance, single child,
- current Q&A | IM-2 using Sphinx3 ASR trained on ChildIt corpus. ch: Childit
generic answers — . Corpus, qf: ALIZ-E Quiz game, sf: ALIZ-E Imitation
:----]--L'M_n game, dg: Connected Digits.
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Video sensing

Head direction estimation and
tracking

— Used for nod and shake recognition.

* Markerless motion capture.

— For interaction involving physical
activities.

* (@Gesture recognition
* Visual Emotion Recognition

* Optimised using newly available
technology
— GPU computing.
— Kinect sensors.
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Speech/utterance production

* Text to Speech * Non-linguistic utterances @
— http://mary.opendfki.de — How do children interpret [i!
EZIE " “clicks and beeps” ? j&i\/

R'Y S %, r — P

— Statistical Parametric
Synthesis
* Vocal Tract Scaler to obtain a

child-like voice, starting from
the female voice

* Prosody controls to add vocal v
expressivity = 4 Q@ Values
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emales 0 671 0 522 0.478

0 652 | 0.547 | 0.465
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Natural Language Interaction

* Robustness against ASR errors * Natural language processing

and incomplete, ungrammatical — Using Combinatory Categorial
or out-of-grammar utterances Grammar (OpenCCG)
— Required building of Italian
grammar
Extra-linguistic environment SpeechAct nextinstruction épt;echAct nextinstruction
Interpreted Intended Content [Goal [g(ﬂ:;ggt :}.ré)ﬂ ]} Content ( su-event
Speech/gesture “554p ) Speech/gesture Argument _S_emR pa”em]

. : Context [PrimedVPForm pat
understanding . — ~). production ( pat

Goal Actlon realized
Ob]ect left

to synthesize
Gesture

to perform

lUtterance ]I Context [anedVF‘Form pat

Recognition
hypotheses

Speech/gesture Motor
recognition control
/_'“\
! «
speech/gesture input speech/gesture output
(user utterance) User (machine utterance)
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Emotion expression

 The Nao has limited capabilities
in terms of facial expressions.

* |sit possible to correctly identify
emotions displayed by Nao?

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

What is the role of adaptive

memory in long-term interaction?

— If the robot does not have a
memory, how does this impact
on cHRI?

Argument for memory as a
cognitive central system rather
than passive data storage.

Machine learning algorithms for
on-line adaptive learning?

Impact of emotion on creating
and using memory.

T I Imperial College
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Interface 0-B: Interface B-N:
Objects to Binding Units Binding Units to Network

/Qﬁﬁ;iﬁ::t-_:_._-

™ o e e e Binding units ﬁ .
(plus statistics)

tsin module type A
(e.g. visual recognition)
i

Objects in

4

tsin module type B
[e.g. linguistic processing)
i

Objectsin

—_—— = =

“Binding Space”: Recurrent Associative Network
Managed in Urbiscript (of some description)
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Learning

° Recognlze and predlct user = @b _> ..........
activity E e e

middleware ]

— Actions and intentions.

* Adapt the actions of the
robot based on the user’s
capabilities.

— During physical activitities the
robot adapts to the user’s.

|Acruators| | HAMMER Internals | |User spacel rSensors
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Urbi middleware

. . . Remote Component
o Te C h n I Ca I I nteg ratlo n Of t h Ex.: algorithms, applications...
i it Applications 4, ‘B UObject
embodied cognitive syster Pl —— _| 54
— Fast prototyping due to g -
a d O pt i 0 n Of CO m m O n RAW TCP socket through simple protocol
middleware.

— Urbi by Gostai

Gostai
WWW.gostai.com e
— Distributed component m

architecture, parallel and
event-driven script languag; UObject UObject

C++ C++

(Ex. : motors, camera) (Ex. : motors, camera)

\_ )
Windows / Mac OS X / Linux
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Physical versus on-screen robot

e Study in which children are quizzed.
— Two conditions: physical robot or on-screen robot.
— Attention and number of fixations significantly higher.

Looking duration in 10 min. session
350

300

250

200
M On screen robot

150 B Physical robot

Looking time (s)

100

50 -

O .
Robot  Quizscreen  Other

F(1,8)=57,3
0
(data and experiments by TNO; Neerincx, Janssen, Looije)
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Adaptivity

Dance Imitation Quiz

Does an adaptive robot impact on enjoyment and knowledge retention?
25

6
5 — 20
4 e /<
3 = —— Adaptive o —— Adaptive
2 —NonAdaptive w0 —NonAdaptive
1 5
0 0 ; :
Enjoyment (N=5) Retention (N=5)
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And so much more...

* “Gibberish” language production for
multi-cultural settings.

* Perlin noise modulated by emotion to improve
robot’s lifelikeness.

e Ethical and legal issues of human-robot
interaction with vulnerable minors.

* Experimental protocols for child HRI.
* Cognitive architecture.

e Reservoir Computing for
learning.

* User modelling
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Hospitalised children

How can social robots contribute
to care of children (8-12) with
diabetes?

Adaptive robot for long-term
interaction, capitalising on
hospital stay.
— Experiments in Dutch and Italian
hospital.
Introduction to paediatrics
department.

Learning about diabetes.

Self-management motivation and
habituation.
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