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Objective

Explore an alternative paradigm of cognition
(perception, action, inference and learning).

Bayesian probabilistic reasoning

= New models for cognition in life science?
= New methods to develop better artefacts?
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= Life Sciences
* College de France (LPPA - A. Berthoz; J. Droulez)
* University College of London (UCL GATSBY - P. Dayan)
e University of Cambridge (UCAM - H. Barlow)

= [nformation Sciences

* Ecole Polytechnique Fédérale de Lausanne (asL - r.
Siegwart)

¢ INRIA - CNRS (GRAVIR - P. Bessiére; E. Mazer)
o MIT (NSL - 1.J. Slotine)
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= Biological plausibility of Bayesian
reasoning at a microscopic level?

* Biological plausibility of Bayesian
reasoning at a macroscopic level?

= How to develop better artefacts using
Bayesian reasoning?
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Publications

Published

Soon

PhD 9

Journal 12

Books 1

Conference 41

Patents
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Programme

Shape from
Movement

[Colas06]

Variables Pertinentes
X, Y, Ve, Vi, Ry, A, T, O, 89, B! et 62
Décomposition
PXTV: V. Ry AT 0 8% 3! §?)
= P(XT)P(V, V. R,)P(A)
x P(TQ|VaV:Ry)
x P |T» Ty)
x P@ |XTTQ)
x P@ |XTT QA
Formes Paramétriques
P(X T) : uniforme en coordonnées sphériques ;
P(Vr Vz Ry), P(A) : non spécifié ;
P(fZ T | Va V2 Ry) : gaussienne centrée autour
de 'opposé du mouvement propre ;
P(‘f>0 | Tr Ty) : gaussienne centrée sur le flux théorique ;
P(‘f)1 | X7T QT): idem;
P(‘f;‘) | X7 ot A) : gaussienne dont la covariance
dépend de la taille du champ .

Spécification

Identification :
Aucune.

Question :
P(X Y| 6" 6% vy v, 1y A)

Courtesy of MPI-BC
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Early development
of speech:
Orofacial imitation

[Serkhane05a]
[Serkhane05b]

[Meltzoff] & gt' - ﬂf
P(Lh® Tb® TdA® Xh® Yh® Al® F1 ® F2)

=P (Xh) * P (Yh) * P(Al)
* P (Lh/ Al)* P(Tb / Xh ®Yh)*P(Td / Xh ®Yh ® Tb)
*P(F1/Xh®Yh® Al) *P (F2/Xh ® Yh ® Al)

\AV' ~
Ld
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Training
Video-Games

Avatars
[LeHy05] 4 Specification

e Variables:
*Perception: L(
FN(
/= PL(
g *State: S, Su {
g < ¢ Decomposition
2 *P(S, Sy L W FW N FN PW PL)
£ ) =P(SYxP(Spa| SPXP(L| Sy )x xP(W | Sy, )x XP(FW | Sy, )
= XP(N | ;1) XP(FN]| S;;,) xP(PW| Sy, 1) xP(PL| S,4))
o<
S: . Pargﬂ%g%c Forms:
‘5 kldentiﬁcation
% Utilizati
= 111zation I 1 .a
@e 8 . Playlng L P(S1S, PWER N EN pw PL) Infnr_rlnmioln Society
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Bayesian Control of
Robotics Arms

[Garcia03]

I (z) Description de I'objet
Mip(B) | ¢ Points de référence surles caméras (VS)
T, p(8,)
P(F] 22 ) . .
T By BpateE <«— Calibratio|
ey
PRl B, . B, Ceand
i et Localisati
T2 p(My | Po Pa By, By ovs) g
I, (%) A
= 3 Ky K MM,
Zy...7 Posobj| 21 Be ™ L) .
By By, B P bz 2 rie) Locali ot
7 P‘. y p(nzsm:)g| f““"f”“"""”")
My My, - ‘tl_l""n"la:.nu.—)
iy plPasPrise | PosOb] ¢, ) Positio
PosObj PosTatle P(PosDep | PosTable PosPrise ¢ iy, sbyee)
PosPrise Posdpp plPasdpp IIR’S"H’SE])
PosElop PosDep p(PasElop| Posprise] .
o\ Postppp Foseto _ | ptrasappp | Aospep) <«— Positions
ox plPasElo | PosDep)
S 2(@) p(x |0) «————Positions &
> (Spase | ¥)
Sai Sy P(Spaie
Swr S S PlSapp | PosApp X)
5’” S"’ - PS prae | PoSPrise X)
P b
Ao Pl | PosEIoP 1) <«— Capteurs
P P(Sapep | Postppp X)
BEw EG |6 P(Saep | PosDep X)
(S | PosEla X)
POS pace)
Py jpriae)
Pl ) plA ) P ) Gestion d’activités
PATA 1A 24 3Spar - Sobjptse Caceri) . R
p(mpince | A) «—— Action de la pince
Psl?mgﬂ) <«+—— Position but correspondant a I'activité
p© "
P& ! <«— DuBeiiydtizng idiz mouvement du bras - i
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Bayesian Occupancy Filters [Coud03][Coucos]
for ADAS
(" Spécificatior

o

centissage?)

V=]
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Mobile Robot
Navigation

[Pradalier04]
[Pradalier05]

Variables Pertinentes
(V,®) :  Commandes recherchées
(Vg ®4) : Commandes demandées

Dy...Dg
I...Ig
Décomposition
P((V,®) (Va,®4) 14 Dy... Ds Iy .. . Ig) =
P(V,2)P(Vy, 24) P(La | (V, ) (Va, 2a))
[Is P(D:)PUI: | (V,®) Dy)
Formes Paramétriques
P(V,®), P(Vy, 8,), P(Dy)
P(L, | (V,®) D)

: Distances mesurées
: Vanable de diagnostic associé(

Spécification

Description

: Uniformes
: Questions ai

d’obstacles
: Question a

consignes

Programme

P(ly [ (V, ) (Va, a))

Identification :
P(I; | (V,®) D)
P(Ia| (V, ) (Va, ®a)
Question :

: Construction a partir ¢
: apriori

I; : Vanable de diagnostic assoc1é( S

P((V,®) | (Va, @) Dy ... D [I; = 1=y 5 [Tg = 1]) of ™=

FIG. 6.12: Fusion de sous-modele par

P(la=1]| (V,®) (Va, ®a)) [Tizr.s P(L = 1] | (V, 2

Bayesian Approach
to Action Selection
and Attention
Focusing

[Koike05]

G

:tCO:tAO:tﬂ():ta.

P(M‘“O:

I I, P(SIISI Mo~ 1m)
|

I, P(Z|SiCom)

x P(BI|m [N, P(8?|BIS! Bi=x;)

| xP(CI[1) [TY, P(a?|CY ! Bim)

xbigﬂllof?COBoZ?A?ﬂ?a?|w)

x P(M3|7) [T, P(M|M? B3 SI Mi="x,) |
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« Inclusion of intermediary state variables

« Bayesian time filtering
* Motor model addition
« Behaviour selection, synergies and strategies

« Reduction of perception data pre-processing

Information Soci
Technologies ety




Description

Bayesian Maps &

[Diard03]

/~ Spécification
e Variables :
o P = Pgite ngfte A Ll’gfte A

0 Lt = {Cgfte’ cev, clac’ chourr

0 L, = {cgite, cev, clac, cnourr}
o A = {Sortir-gite, Dormir, Aller-Boire, Se-Balader, ...}
e Décomposition :
< o P(Peitc A Lgite AL elte g Agite APV ALY A L. A AL L. A)=
P(L)

P(Psite A ngﬁe A Ll’gile A Adite | Lt)
PPYALSYALSVAASVIL)
P(Pl2c A LJac AL Jac A Alac | L)
P(Prourr A [ nourr p T, nourr A Anourr | )

P(L,)PAIL, L.
\ (1) ( t 1) -E
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Answers 777

= Biological plausibility of Bayesian
reasoning at a microscopic level?

= Biological plausibility of Bayesian
reasoning at a macroscopic level?

= How to develop better artefacts using
Bayesian reasoning?
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BACS (2006 -> 2010)

* ETZH

* Coimbra University

* HUG
Applications ¢ IDIAP
‘E/Jerihv'edr ::;ivsetfym for enhanced « MPI - Tubinghen

Precise 3D reconstruction and
analysis of challenging environments

* BlueBotics
¢ EDF
* ProBAYES
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Labo GRAVIR (CNRS-INRIA)
recrute des :

Ingénieur d’€tude

PostDocs

Pierre.Bessiere @imag.fr
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badyesidan L ogniuon

International workshop on probabilistic models of
perception, inference, reasoning, decision, action,
learning and neural processing

Paris, January 16-18. 2006
BAYESIAN-COGNITION.ORG

+Alain Berthoz, Collége de France *Kevin Murphy, University of British Columbia
*Pierre Bessiére, CNRS *Alexandre Pouget, University of Rochester
*Heinrich Bulthoff, Max Planck Institute *Rajesh Rao, University of Washington
*Peter Dayan, University College of London *Michael Shadlen, University of Washington
*Sophie Denéve, CNRS, *Roland Siegwart, EPFL

«Jacques Droulez, LPPA *Eero Simoncelli, New York University

lan Hacking, Collége de France *Jean-Jacques Slotine, MIT

*Ben Kuipers, University of Texas «Josh Tenenbaum, MIT

*David MacKay, University of Cambridge *Sebastian Thrun, Stanford University
*Pascal Mamassian, Paris V University *Daniel Wolpert, University of Cambridge
«Jose del R. Millan, IDIAP Research Institute




