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OF
SENSORY-MOTOR SYSTEMS
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PLAYING CHESS

WHO IS THE CLEVEREST?
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PLAYING WITH CHESS

WHO IS THE CLEVEREST?

BARON WOLFGANG VON KEMPELEN (1769)




AMOEBA

HOW TO USE AN INCOMPLETE AND UNCERTAIN
MODEL OF THE ENVIRONMENT
TO PERCEIVE, INFER, DECIDE AND ACT
EFFICIENTLY ENOUGH TO SURVIVE ?




OVERVIEW

® How TO SURVIVE (PERGEIVE, REASON, LEARN,
DECIDE AND ACT) WITH INCOMPLETE INFORMATION ?

® PROBABILITY AS AN ALTERNATIVE TO LOGIC

@ How TO DEVELOP BETTER ARTIFACTS USING
BAYESIAN REASONING?

@ BIOLOGICAL PLAUSIBILITY OF BAYESIAN
REASONING AT A MACROSCOPIC LEVEL?

®@ BIOLOGICAL PLAUSIBILITY OF BAYESIAN
REASONING AT A MICROSCOPIC LEVEL?
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PROBABILITY Saes
AS ALTERNATIVE TO LOGIC

PRELIMINARY KNOWLEDGE
+ LEARNING
EXPERIMENTAL DATA
= ENTROPY PRINCIPLES
PROBABILISTIC REPRESENTATION

UNCERTAINTY
P(a)+P(—a)=1

BAYESIAN INFERENCE
P(anb)=P(a)xP(bla)

= P(b)xP(alb)

DECISION
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OVERVIEW

@ How TO DEVELOP BETTER ARTIFACTS USING
BAYESIAN REASONING?
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ROBOTICS

PhD Kamel Mekhnacha

Trajectory Learning
Homing in a Redlistic Environment

INSTITUT NATIONAL DE RECHERCHE EX INFORMATIQUE ET EN AUTOMATIQUE
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OVERVIEW

BIOLOGICAL PLAUSIBILITY OF BAYESIAN
REASONING AT A MACROSCOPIC LEVEL?
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MODELING BEHAVIORS
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BAYESIAN ACTION PERCEPTION.

HANDWRITING EXPERIMENTS
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MOTOR EQUIVALENCE?
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MOTOR EQUIVALENCE?
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SIMULATION OF ACTION DURING ==

PERCEPTION?
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Writing

Pseudo letter reading
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-OCR
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*Human models
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WRITING
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INTERNAL REPRESENTATION

Q Espace cartésien

y

2,




. M, COLLEGE
%JU}?-.' DE FRANCE
- K I 4 1530
B o

COMMON FEATURES FOR BOTH REPRESENTATIONS
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LEARNING SUCCESSION OF CONTROL POINTS
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LEARNING SUCCESSION OF CONTROL POINTS
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LEARNING SUCCESSION OF CONTROL POINTS
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LEARNING SUCCESSION OF CONTROL POINTS
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LETTER RECOGNITION
KNOWING THE SCRIPTER

P(L | [VEM = vZM] [VPM = M) [W = w] Ay =1])
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LETTER RECOGNITION e
KNOWING THE SCRIPTER

PL | [VEM = v2M] [VEM = v2M] (W = w] [y =1])
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SCRIPTER RECOGNITION
KNOWING THE LETTER
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MOTOR CONTROL
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MOTOR EQUIVALENCE
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MOTOR EQUIVALENCE

W = Estelle W = Christophe = W = Julienne

Bras simulé

------------------

Bras robotique N
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Robot holonome
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LETTER RECOGNITION
WITH MOTOR SIMULATION
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LETTER RECOGNITION
WITH MOTOR SIMULATION
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LETTER RECOGNITION
WITH MOTOR SIMULATION
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PERSPECTIVES (2)
BACK TO SPEECH PERCEPTION AND PRODUCTION

46




OVERVIEW

® BIOLOGICAL PLAUSIBILITY OF BAYESIAN
REASONING AT A MICROSCOPIC LEVEL?




AMOEBA

How IS IT PERFORMING PROBABILISTIC INFERENCE?
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MICROSCOPIC LEVEL

Probabilistic inference by the
biochemical mechanisms of
phototransduction

Activation of
Phosphodiastrase

Hydrolysis of
cGMP

Closure of Cat++ l
ion channels AMPLIFICATION
l Hyperpolarization

of the Membrane

Decrease of Cat++
concentration

Ca++ regulates |
Activation of GC |

GC catalyses |
production of
cGMP |
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