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Part |

Perceptual and Motor Schemas

Affordances and Effectivities
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Coordinated control program for reaching and grasping

Jeannerod and
Biguer 1979
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Grasping &
Opposition Spaces

Iberall, Bingham and Arbib 1986:
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Another Vocabulary

Deploying the terminology of
J.J. Gibson and his followers:

Perceptual schemas
affordances

Motor schemas effectivities

but not only these
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A Formal Model of Computation for

Sensory-Based Robotics

DAMIAN M. LYONS, memeer, 1Eeg, anp MICHAEL A. ARBIB
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Integrated Learning of Grasps and Affordances:

The ILGA Model
James Bonaiuto, Michael A. Arbib
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Part I|

Basic Parieto-Frontal Interactions
for Visually Directed Hand Movements
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Introducing AIP and F5 (Grasping) in Monkey

AlP - grasp
affordances
commands in s Y in parietal cortex

premotor cortex ? / Hideo SakaL
Gilacomo Rizzolatti

L/—/
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The FARS (Fagg-Arbib-Rizzolatti-Sakata) Model

A Focus on “How” and “What”
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Mirror Neurons:
Learning from the Macaque




BITING ORAL COMMUNICATIVE ACTIONS

Lot IUF‘EEMJ
MONKEY By
Buccino
et al. (2004)
s Hﬁﬁl
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MNS Model of Learning in the Mirror Neuron System

The first demonstration
of mirror neurons as
formed through learning

M Object features
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Original Model: Oztop & Arbib, Biological Cybernetics, 2002



MNS2 extends MNS:
Again, much more than just Mirror Neurons

Working memory and dynamic remapping of hand working memory allows
hidden grasps to be recognized

No response if object is not visible and not in working memory
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~ | What are Mirror Neurons For?:
- New Dimensions of Perception

usual

complementary
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Alstermark’s Cat - Flexible Action Patterns
and their Rapid Reorganization
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* | Three Key Ildeas

Motor schema activation determined by
— Dynamically updated via reinforcement
learning
- Determined by affordances and probability
of action’s success

An observation/execution matching (mirror) system may
contribute to rapid reorganization of motor programs in the
face of disruption when a known schema can be recognhized
as “filling the gap” for disrupted schemas
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The Augmented Competitive Queuing
(ACQ) system

Mirror System

Executability

Intended and

Recognized
Actions

External State

Effactive Reinforcement

Critie

Internal State Action Execution
Controller -
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Part Il

Evolution, All too Briefly

Chimpanzee

Macaque
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. A Key Hypothesis: Bringing in Complex Imitation

i) Monkeys (and LCA-m): Little capacity for imitation

ii) Apes (and LCA-c): A capacity for simple imitation based more on attention
to subgoals than to how movements are shaped to achieve them

i) Hominid Evolution yields a complex imitation system:
The abilities to

#recognize another's performance as a set of familiar movements
%Use this recognition to repeat the performance, and

More generally: the ability to
#recognize that another’s performance combines variants
#approximate the performance on this basis, with increasing
practice yielding increasing skill.

Note utility for language learning and use once this can be applied to words
and word streams - but it evolved (we claim) to support praxis
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The Mirror System Hypothesis (2012):

A) Evolving the Language-Ready Brain and
Protolanguage

Pre-Hominid:

Hominid Evolution

*
@%ﬁ
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The Mirror System Hypothesis (2012):
B) From Protolanguage to Language

How the Brain Got Language, Chapter 10: Once early Homo
sapiens emerges, cultural evolution dominated biological
change:

From protolanguage to language; Emergence of grammar:
Complex imitation supports co-emergence of

#Phonology

sLexicon

#Constructions
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Dyadic Brain Modeling

MANUAL
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. A Hypothetical Example: Beckoning

Child has distal goal: Social bonding -
getting mother to hug him:

1) Child reaches out, grabs, and tugs on
Mother, leading Mother to move
towards Child as a response.

\/
6) Child beckons Mother to move

towards her.

A Model: Arbib, M. A., Ghanesh, V., & Gasser, B. (2014).
Dyadic Brain Modeling, Ontogenetic Ritualization of Gesture in Apes, and
the Contributions of Primate Mirror Neuron Svstems. Phil Trans Rov Soc B



Computational Comparative Neuroprimatology:
Each Brain Script Extends the ACQ Model in the same way

PYTHON

Child Brain Script Mother Brain Script

Animation Script

—-> respond to (‘hildl

<--walk to xyz

~> move Wrist to xyz Maya Python She”
<-- mother at xyz g -

Arbib: Perception for Grasping and Manipulation July 12,2014




A

Macaques Chimpanzees
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Regions of Interest

Macaques: F5c, PF/PFG, STS, and inferotemporal cortex
Chimpanzees: FCBm (BA44), PF/PFG, STS, inferotemporal cortex
Humans: IFGpo (BA44), SMG (BA40), STS, inferotemporal cortex

Legend

= Dorsal mirror system connections, traveling in ILF/MLF and SLFIII
= \/entral mirror system connections, traveling in Emc/ExC

= Connections with inferotemporal cortex

== Connections with superior parietal cortex

MLF: Middle longitudinal fasciculus. ILF: Inferior longitudinal faciculus.

SLFIII:Third branch of superior longitudinal fasciculus. EmC: Extreme capsule.
ExC: External capsule.

Post mortem tractography

Not only do hands
evolve, but so too do the
pathways that open up
hew possibilities for
perception and control

Process Versus Product
in Social Learning:
Comparative Diffusion Tensor Imaging

of Neural Systems for
Action Execution-Observation Matching in

Macaques, Chimpanzees, and Humans.

Hecht, Gutman, Preuss, Sanchez, Parr,
Rilling. Cereb Cortex. 2013;23:1014-24.

July 12,2014 28



Part IV

Distalization of the End Effector
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. Distalizing the End-Effector

Grasping: the hand as end-effector

Manipulation: First hand then object as end-effector
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Virtual Fingers
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Phase 1: Grasping the Tool: The hand is the end effector: attention to
the relation of hand and tool guides the action

Subsequent Phases: Using the Tool: The tool becomes the end
effector: attention to the relation of the “business end” of the tool
and object guides the action

Another issue: Bimanual coordination
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- | Case Study 1: Macaque postcentral neurons coding a
- body schema modified by tool use

Distal-type neurons

Before toal-use After 1oal-use

\
|

Befare tool-use

Proximal-type neurons

0|



http://dx.doi.org/10.1016/j.tics.2003.12.008

Case Study 2: Neurons coding
for pliers and for fingers in the
monkey motor system

Normal pliers

Reverse pliers
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Tool Use and the extension
of perception

Visual attention

Haptic feedback
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Tool Use and the extension
of perception

When Justus plays the cello:

= Visual attention?
«» Haptic feedback

+ Other senses ...
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