Interaction située Humain-Robot
Dispositifs & apprentissage de
comportements

Gérard Bailly, GIPSA-Lab
Sylvie Pesty, LIG-Lab
2016-2017

24/01/2017




24/01/2017

Interfaces homme-machine

Interpretation

Perception
P T — Microphone N
.'theo camera )
) e — e & e
/' Facalexp. ) 4~ | Tablet )

7’ e

A Writing

. Toxt-1o-Speech

[ Visual cues

Touch ) L Audocues ; il 5
F-:acnd exp
Perception Action

Interpretation

1 Fusion

@data leve!
@leature kvel
@ decision lovel

—! Fission |

Computation

M2R Sco

Dumas et al (2009)




Capturer l'interaction

* Mesure/caractérisation The Speech Chain

— Tout le long de la chaine de production Speaker Listener
— Capteurs invasifs/pervasifs Ear
SR Sensory /\ Brain
—  Précision nerves ZVQL:QS,I, )
— Multimodalité / 4 ﬁz &/
"'i'_:\ Ifccdback&
\‘b X link Sensory
h\\‘ﬂ Brain S

nerves

Vocal
muscles

Motor
nerves

* Percevoir pour comprendre/agir

— Traitements temps/réels, modéles incrémentaux
— Perception active
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Mesure/caractérisation

e Activités neuronales
— Dispositif électromagnétique: MEG, IRMf
— Dispositif optique: NIRS
— EEG de surface/profonde

e Activités Musculaires & signaux physiologiques
— EMG de surface/profonde
- Capteurs de contacts, accélérometres...

- EGG, ECG...

* Points de chair
— Marqueurs actifs/passifs / :
— Dispositif électromagnétique/optique | Auti\! Base of

Mandible

* Degrés de lberté
— Exosquelettes
— Gants de données

* Anatomie, volumes
— Scanner, IRM, échographie

* Video, surfaces
- Kinect, cameras temps de vol
— Silhouettes multicaméras
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Percevoir pour comprendre/agir

e Capteurs élémentaires IR Emitter  Color Sensor
- Proprioception, odométrie
- Haptique, acoustique, vision
- RGB-D: Kinect, cameras temps de vol
— Silhouettes multicaméras

IR Depth Sensor

Tilt Motor

e Régularisation
- Modeles 3D
- Modeéles d’apparence locale/globale
- Modeles combinés: ex. AAM
- Pb. Métrigue de comparaison
données/modeéle

* Appariements
— Perception biaurale, binoculaire
— Cohérence intermodale
— Fusion précoce/tardive

Data | Visual Feature | Feature Visual-Only Decision
287 Extraction Speech Rec.
r.f.z -~ | Feature-level Fusion | Decision-level Fusion

Audio Feature Audio-Only |
Extraction Feature | Speech Rec.
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Calibration & reconnaissance

premiere réflexion de Purkinje u -
— Calibration entre écart et [x,y] écran look left
e (Capture
e Video
e Lentilles de contact u -
® miroirs
e aimants (b)
e EMG look frontal

B

e Régressions
* Ex. oculométrie
e Lumiere réfléchie
— Ecart entre centre de la pupille et celui de Ia

P

W\

e Modeles de régression
e LR, GMM-LR
e Taille du corpus
e Adaptation

x and y positions

* Modeles de classification

 SVM, DNN...
* Modeles a états: FSM, HMM,
DBN, CRF...
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e  Substitution motrice

— Membres amputés
— Rubber hand

* Substitution sensorielle
— Paul Bach-y-Rita
— Vision/son : cf. EyeMusic [Levy-Tzedek, 2012]
— Vision/haptique: cf. TDU (langue)

* Interfaces cerveau/machine

— Commandes motrices
— |HM

* Interaction augmentée
— Geste/son: cf. DIVA/UBC

http://www.youtube.com/watch?v=hJpGkroFP30
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http://www.nature.com/srep/2012/121210/srep00949/fig_tab/srep00949_F1.html

Les niveaux d’interaction

~.

* Physique
Ex: poignée de main
Porter

e Affectif

Contact Paro

* Social
Se déplacer
Communiquer
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Interaction physique

Execution Controller

S"Mdp"y“ _ _ (e v

* Analyser I'environnement
* Objets/agents

4 HEN 4 gei=e Human-aware
s DeplacementS/a Ct'VlteS @ symbolic task planning ] Events ;:tug;gtan
b RElationS Sp&ti&'ES/ViSibi“té M,,a;”;,’t‘f;“eﬁii Human-aware
natur: aHa nguage Motion and
7 . grounding Manipulation Planning

* Intégrer 'humain et ses affordances _’ .,.

«  Régles d’approches: cone d’approche Geometric & Temporal Reasomng s

*  Espace de travail: objets visibles, accessibles... e N T I i)
L4 CO”a bo rat|on Sensorimotor layer T l

° Coordination espace/temps ::;:?;‘il:)r;ll(it.Kine:t,Motioncapture PanTiltUnit,Gripper,Arm,ﬁ.:I.l:-n‘:eaeﬂon ]

Systeme ORO du LAAS

J. Fasola /USC PR2 au LIRMM

* Robots compliants...
* Cables, ressorts
* Hydrauliques, pneumatiques
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Robots affectifs

* Percevoir les expressions faciales/analyser '’émotion
s apprentissage automatique massif... o

§‘ 30  Fusion baseline

e EmotiW (ICMI 2013 in the wild!): 7 catégories 3 0 Single Modaly

< 45 baseline

e Générer P
. . 0
[ ]
Bruits, voix C P EL IS
. E i facial & & & @ S & N
xpressions faciales & & W
. . & F °
* iCat, Nexi... WO
* Geminoid, Zeno...

Postures
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Les systemes de dialogue

Le systeme de reconnaissance
est « l'oreille » du systeme de
synthese

* Restitution d’'une réponse

Speech
recognitior

I would like to

S
go to Paris |

1

on Monday

Semantical
analyse

i Request:
To: Paris
N Date: Mondav?

D\A

* Esclave du systeme de dialogue <

et de génération de « phrases »

Echange d’informations
« symboliques »

Speech
synthesis

* Unité de traitement = phrase, boucle longue

* Nécessité de boucles plus courtes = feedback, marqueurs phatiques
* Techniques incrémentales (cf. http://sourceforge.net/projects/inprotk/)

Where do you

= leave from 7

Dialogue
Management

» Search

-

Response
generation

To: Paris

{ Train Timetable:
From: ?

Date: 2001/12/05

Time: 7}

Modeles statistiques

« cf. Young [IWDS2014] r” Remsanser

Uszar

Spesech Samantic v
Decodar
¥
Dialogus
Manager
I Vorese | SR e
Neatural
Spesach
x | Synthasizsr Language = a
Ganaration
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http://sourceforge.net/projects/inprotk/

Modeéliser I'interaction (1)

* Analyse de scene

* |dentification d’unités d’interaction/de « contexte »

— Ford, C. E. (2004). "Contingency and units in interaction." Discourse Studies 6(1): 27-52.

— Admoni, H. and B. Scassellati (2014). Data-driven model of nonverbal behavior for socially
assistive human-robot interactions. ACM International Conference on Multimodal Interaction
(ICMI), Istanbul, Turkey.

 Génération de comportements
* Niveaux d’interactions
— Réactif vs. délibératif
— Modes de couplage: filtrage, paramétrage...

wide-angle camery

4-element inear microphone array
touch screen &
|

Synthesis || Avatar | || Speech || Vision
4 4 A J A4
Output Planning Scene Analysis
4 ¥
Reactive / Behavioral Control
L] ¥
Deliberative / Interaction Planning

Dan Bohus, Eric Horvitz: Dialog in the open world: platform and applications. ICMI 2009: 31-38
Dan Bohus, Eric Horvitz: Facilitating multiparty dialog with gaze, gesture, and speech. ICMI-MLMI 2010: 5
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Modeéliser I'interaction (2)

* Boucles de perception/action

*  Ymir [Thorisson, 2002]

e Stimuli exogeénes vs. contréle endogene

e Niveaux: réaction, processus & contenu
e Paramétré par état cognitif, affectif,
physiologique, relation sociale, etc.

presentation
EL: 20000 msec

FIRE-CO!

Turn-to-other-whe:
EL: 20000 msec

BehaviorRequest: (1
FIRE-CONDS: (Im-

T
RESTORE-CONDS:
communicative-act

Hesitate-during-de
formulation

EL: 500 msec
BehaviorRequest: S|
FIRE-CONDS: (AN
have-turn =T) (5;
from-other =T) (Tin
spealin, 0 msec
F) (other-i: eakin
RESTORE-CONDS:

Pay-attention-to-m'
EL: 20000 msec
BehaviorRequest: (1

space)
F%R.E—CONDS: (I
realworld-task = T)
RESTORE-CONDS:
realworld-act =F)

Show-Im-listening
EL: 20000 msec
BehaviorRequest: (¢
‘Other) (6aze-At'C
FIRE-CONDS: (AN
T) (Other-i %av‘mg
“ONDS:

RESTORE-
Acknowledge-othe
EL: 2000 msec
BehaviorRequest: (1
FIRE-CONDS: (AN
realworld-task = T)
me = T) (Other-is-fa
speakin,

realworld-task = F)

Acknowledge-others-attention-during-
48

Behavio rRN%]ue:t: (Gaze-At’'Other)

S: (AND (Im-executing-act =
T) (Other-is-locking-at-me = T))
RESTORE-CONDS: (T-taka_tirn = T

Show-Im-done-with-task-by-looking-at-

other
EL: 20000 msec

BehaviorRequest: (AND (Turn-heg

(Gaze-At ' Other))
FIRE-CONDS: (Im-executin,
task =F)

RESTORE-CONDS: (Tm_ava.

ic-realworld-

| |

Hno tonis

Show-Im-taking-turn 38
EL: 5000 msec

BehaviorRequest: Show-im-taking-turn
FIRE-CONDS: (I-take-turn = T)
RESTORE-CONDS: (I-take-turn = F)

Show-Im-giving-turn 43
EL: 2000 msec

BehaviorRequest: Show-Im-giving-turn
FIRE-CONDS: (I-give-turn = T)
RESTORE-CONDS: (I-have-turn = F)

Show-I-know-other-is-addressing-me-1 39
EL: 200 msec

BehaviorRequest: Smile

POS-CONDS: ([m-exemling-:peech—act =T
NEG-RESTR-CONDS: (Other-1s-turned-to-
me =F)

Show-Im-giving-turn-2 44
EL: 2000 msec

BehaviorRequest: Show-Im-giving-tum
FIRE-CONDS: (I-give-turn = T)
RESTORE-CONDS: (I-give-turn = F)

Show-I-know-other-is-addressing-me-2 40
EL: 200 msec

BehaviorRequest: Eyebrow-greet
POS-CONDS: (AND (Other- :-sayin%_—rny—
name = T) (Other-is-turned-to-me = T)
(Other-is-facing-me = T))
RESTORE-CONDS: (Other-is-turned-to-me

Show-Im-listening 45
EL: 200 msec

BehaviorRequest: Brows-in-pensive-shape
FIRE-CONDS: (AND (Other-is-saying-my-
name = T) (Other-is-turned-to-me = T) (Other-
is-facing-me = T))

RESTORE-CONDS: (Other-is-turned-to-me =
F)

Initialize-dialogue a1
EL: 200 msec

BehaviorRequest: Face-neutral
FIRE-CONDS: (Dialog-On =F)
RESTORE-CONDS: (I%ialog—[)n =T)

Show-I-know-other-is-not-addressing-me 46
EL: 1000 msec

BehaviorRequest: (Turn-to ‘Work-space)
FIRE-CONDS: (AND (Dialog-On = E) (Other-
is-turned-to-me = F))

RESTORE-CONDS: (Other-is-taking-turn = T)

Look-puzzled-during-awkward-pause 42
EL: 1000 msec

BehaviorRequest: Look-puzzled
FIRE-CONDS: (AND (other-is-turned-to-me
= T) (other-is-facing-me = T) (Time-since
‘Other-is-facing-me = 400))

RESTORE-CO! : (Other-is-turned-to-me
=F)

Look-aloof 47
EL: 1000 msec
BehaviorRequest: Look-aloof
FIRE-CONDS: (AND (Other-is-turned-to-me
= T) (Other-is-facing-me = T) (Time-since
‘Other- cing-me > 800) (Dialog-On=T)
(Other-is-speaking = F) (Topic-Knowledge-
R)]Estem—Paminﬁl—%peech-Datn =F

S5:

S
F)

l%E: m
STORE-CONDS: um-execuung-topic- ‘

STORE-CO. (Other-is-turned-to-me =
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Plus récemment perception (PML)

Intent Planning

«

24/01/2017

Modeles déclaratifs

* Langages & représentations
MURML (Multimodal Presentation Markup Language)
MPML-HR (Multimodal Presentation Markup Language for Humanoid Robot)
BEAT (Behavior Expression Animation Toolkit)

* APML (Affective Presentation Markup Language)
RRL (Rich Representation Language)
» SAIBA (Situation, Agent, Intention, Behavior, Animation)
Fonctions (FML) & comportement (BML)

FML =i

Behavior Planning

3

— == BML =

Feedback -~

Lexiques de gestes
Décomposition en strokes et regles de timing
Problemes d'enchainement (anticipation, coarticulation, superposition) et d'ancrage
sur la parole (identification des points d'ancrage et de la synchronisation entre
évenements acoustiques et gestuels), quid des comportements non co-verbaux?

Behavior Realization

@

S———— Feedback ~

M2R Sco

PML

viuitimoda
— |"> Und ling

Dialog FML

Manager

Natural
Language
Understanding

—_—

Audiovisual

PML

A4

Nonverbal
L Behavior

Behavior
Recognition

* PML

Automatic
Speech

Recognition

—_—

&

¢4

Audiovisual
Sensing

e

Generation

BML

Virtual Human
Animation

v




Les langages

* Beaucoup de développement ad hoc
* Peu de langages génériques
* SOAR (U. Michigan)

e SurTcl/Tk

* http://sitemaker.umich.edu/soar
* Programmation par modules

* ROS, YARP T —
* URBI \\ 1 \\ \\‘ L.
* Interface Universelle pour Systemes Interactifs [Communications|—{ ranner |+{ schoauter |o{ SiEtion]
* Utilisé pour AIBO m] t /’,U —
* http://www.urbiforge.com/index.php e )2&:5 0 T baaFiow
* Et évidemment les systemes multi-agents o

* RETSINA (CMU)

* http://www.cs.cmu.edu/%7Esoftagents/retsina_agent_ar
ch.html

* Pour la parole, extensions de XML

* IBM, Motorola and Opera Software (VoiceXML), Microsoft
SALT



'apprentissage automatique

Traditional Programming:
—
Computer

e

Computer |




Modeles statistiques (1)

* Relier perception & action via des états sensori-moteurs conjoints

* Etats cachés/latents
» Syntaxe: progression dans l'interaction/conversation
* Otsuka et al [2011, 2013]: notion de régimes conversationnels

High Level hidden | “who is talking to I hidden
4 i 1 whom?" : v
Regime Layer o Conversation gggi\ﬁ;ssauon

(Monologue, Dialogue) | | “who is looking Regimes

at whom?” “who responds
Gaze to whom?”
Interaction Layer Patterns Interaction
Structures

_f

Behavior Layer

observable

(face) Utterances Head

Head (face) Utterances Head
gestures |

directions directions

Dynamic Bayesian Network Represention

e Outils/modeéles

— Chaines de Markov cachées (HMM) I
— Réseaux Bayésiens dynamiques (DBN) - R 7
— ... modeles graphiques ) m\_?gj“ F
. out & he
(o] e

Causal Relationships Temporal Relationships
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Modeles statistiques (2)

* Cadre général : /O HMM

— Bengio, Y. and P. Frasconi (1996). "Input-output HMMs for sequence processing." |IEEE
Transactions on Neural Networks 7(5): 1231-1249.

— Observations d’entrée u, & de sortie y, conditionnées par état x,

— Conditionnement de probabilités conjointes [u,;y,] par états x,

— Structuration des états en unités

= & . . rio ry Zeg
Neve [N [Nwe TV T T T
VAV
®
Wy y "—.‘+| !-".'—I -!-".' y|.+|
Réseau Bayésien |/O HMM Réseau Bayésien HMM Classique

— Estimation classique
*  Syntaxe des états (unités), modéle de reconnaissance et de génération

a day ... dar Iy s . .
Q O O Syntaxe génération reconnaissance

T T T
A p@riae) p(zm) | oz )| | pimiza 0| [pzrlan D)
n=2 =1 r=1

Gy Gy () 0 = (m,A,0,1}
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Modeles statistiques (3) ..e

* Relier modalités au travers d’unités modales ou fonctionnelles
— Synchronisent les flux d’entrées-sorties ->

— Aucunes: correspondance de trames en contexte
. Ex: speech to articulation via GMM ds. Toda, T., A. W. Black and K. Tokuda. (2008). 7 Mo
" - . . . . Tiead o N I
Statistical mapping between articulatory movements and acoustic spectrum using
a Gaussian mixture model." Speech Communication 50(3): 215-227.

— Unités explicites:

SISAOU

Segmentalton

. Ex: speech to articulation via phone-HMM Ex: phones Ben Youssef, A., P. Badin, G. s | ——
Bailly and P. Heracleous (2009). Acoustic-to-articulatory inversion using speech R A———
recognition and trajectory formation based on phoneme hidden Markov models. oD

Interspeech, Brighton: 2255-2258.
— Unités d’entrée implicites:
. Ex: speech to facial expressions via melodic units ds Chuang, E. and C. Bregler

(2005). "Mood swings: expressive speech animations." ACM Trans. on Graphics
24(2): 331-347.

— Unités de sortie implicites

. Ex: Speech to Eyebrow gestures via 5 labels ds Ding, Y., M. Radenen, T. Artieres and . \
C. Pelachaud (2013). Speech-driven eyebrow motion synthesis with contextual L \ r\/‘hﬁ K A :
Markovian models. IEEE International Conference on Acoustics, Speech and Signal ‘ NN\ A/ ".rf' VYN /
Processing (ICASSP), Vancouver, BC: 3756-3760. R S T S

. Ex: Speech to mouth via divisemes ds Taylor, S. L., M. Mahler, B.-J. Theobald and I.
Matthews (2012). Dynamic units of visual speech. ACM/Eurographcs Symposium
on Computer Animation (SCA), Lausanne, Switzerland: 275-284.

. Ex: Speech to head movements via head gestures ds Braude, D. A., H. Shimodaira —
and A. Ben Youssef (2013). Template-warping based speech driven head motion
synthesis. Interspeech, Lyon, France: 2763-2767. 0 01 02 03 04 05 06 07 08 09 1

Normalised Time

(=]
@

=)
@

=
-

Noroflalised Amplity
N

)
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Réseaux profonds

. 1N Sy i= BLEo
« Mise en correspondance A .

— Apprentissage par une série
de décompositions
— Autoencoders

* Traitement de séquences
— Fenétre glissante
— Reéseaux récurrents: perte d’information a court-terme par récurrence
— Neurones a mémoire (long short-term memory LSTM): 3 portes supplémentaires

INPUT LAYER
HIDDEN LAYER

Do

OUTPUT LAYER
J

% o

90 e
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Stratégies d’apprentissage

* Apprentissage de nouvelles taches/stratégies
 Modele de modeles et recalibration: adaptation de politiques existantes
* Apprentissage supervisé e e———
— Démonstration vs imitation Z
* Apprentissage non supervisé
— Exploration, curiosité
— Apprentissage développemental

— Optimisation de la récompense...
intermittente

 Décomposition de tache
— Séquence vs. combinaisons spatiales
— Apprentissage par renforcement hiérarchique

o Physical QG - ¢ — C_onthoI co;t
state x - E _,..{ e gtk =- Rewar
? - L R ﬂ'{xm 3
Symbolic . ! : b Reinforcement
action al Glige: bR § Fy ftaod folde learning

Controlu
F

- i 3 v
Feedback m}% : : 1 ﬁ» Local LDS
Controller L; f ! | 3 learning
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Conférences, challenges

e Journaux
— Interacting with Computers
— Journal of Interaction Science
— International Journal of Human-Computer Interaction
— Advances in Human-Computer Interaction
— Computers in Human Behavior

e Conférences
— Human-Robot Interaction (HRI)
— Intelligent Virtual Agents (IVA)
— ACM International Conference on Multimodal Interaction (ICM|)
— International Conference on Pattern Recognition (ICPR)
— Human Behaviour Understanding (HBU)
— International Conference on Human-Agent Interaction (HAI)

e Challenges
— Computational Paralinguistics Challenge (ComParE), Interspeech
— Emotion in the wild (EmotiW) ICMI 2013
— Semantic Description of Human Activities (SDHA) ICPR 2010
— Human activities recognition and localization competition (HARLC) ICPR 2012
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