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(%@r% B Goals

Furnish a map of the vast work of this year
* Highlight the major achievements

* Here, top-down approach:
from CLEVER-B and CLEVER-K to detailed works

* Presentations, bottom-up:
from Team's works to integrated work

e (Collaborations
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0 CLEVER-B2 Bio-thread ~ wo™"
* Goals, and set-up
— Mechatronic board (UCBM-WP3)
— Target experiments with monkeys/children (CNR_UCBM-WP3)
— Experiments with joystick (USFD-WP3)
*  DMc < SMc interface (Demo)
*  DMc (Decision Making component) (Demo)
— Overall architecture:
* Sub-cortical models, cortical models, HRL (CNR-WP6)
* Hierarchical action models (USFD-WP6)
* Relevance of attention processes (USFD Focussed W.; CNR-WP4, see D4.1)
— Functioning, learning based on intrinsic motivations
* Theory and models on intrinsic motivations (CNR-WP5)
» Theory and models of intrinsic motivations (Barto-WP5)
» Predictor, repetition bias, joystick model (USFD-WP5)
* SMc (Sensory Motor component) (Demo)
— Mapping architecture and principles (AU-WP6)
— Mapping learning and staged development (AU-WP6)

« Solution of all technical and coordination problems related to iCub Demonstrator
— Simulated/real iCub (CNR_AU-Demo)
— Simulated/real mechatronic Board (CNR_AU_UCBM-WP3)
— Yarp, DMc <« SMc interface, working together! (Demo)
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(%@% NEE Joystick experiment
(USFD-WP3) 1L
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(%@r% 8 DMc <~ SMc interface
(AU_CNR-Demo) L1

CNR/USFD: DMc

Decision Making Dmc <« SMc AU: SMc
component Yarp-based Sensory Motor
interface component

Board Interface

Yarp-based

Yarp-based interface

interface

PN
Mechatronic board: AN iCub:
CNR: simulated - PhySICaI ~ _ Simula.ted
UCBM: real ~ interaction -
< - - real
~
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(%—%% DMC - Decision Making

a= component
(CNR_AU _USFD-WP7) T
* Three striato-cortical loops
— Control of arm movements (involving parietal/motor cortex)
— Control of eye movements (involving parietal/prefront. cortex)
— Selection of goals (involving prefrontal cortex)

« A dopamine learning signal generated when a salient event
Is detected in the environment by the superior colliculus

« Recall of goals by the prefrontal cortex in the test phase
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lllu

W CNR

goal

I Gianluca Baldassarre

Hierarchical models
(USFD-WP5 IM)

Associative loop

intenal world
representation

i object action premotor
= affordances affordances cortex

hasal ] o . hasal

thalamus

Motor loop

Lugano, 11-12/07/11, IM-CLeVeR Review Meeting 13



Relevance of attention

(USFD-Focussed workshop;
CNR-WP4)

Attention is
paramount for =7

body:
Map

. liency p > f*.";-’ —Jp €Vye posture map
a Ctl O n h (top-down ’ 60%80 Dposture 30x40
attention map)
6080 A ]

vote map 60x80 hift t 1
‘I‘Ebﬂwﬂ(‘m?' Botrom—up f b f
f-;:;a ﬁw . g |:|1' nélag EOXSO p40 :; : P
input imag, b
r—"——————f*f@@@ _______ "
Focussed workshop 0
on bio-constrained models EEEE gg

Camera image=arm |
working area: 240x320 |

Working area of eye: 480x640: central part =

1t
CRT screen image; rest of the area = black. |

at USFD | |

(b}

Gianluca Baldassarre Lugano, 11-12/07/11, IM-CLeVeR Review Meeting 14



CLEVER-B2 Bio-thread ~ w™™"

* Goals, and set-up
— Mechatronic board (UCBM-WP3) B
— Target experiments with monkeys/children (CNR_UCBM-WP3)
— Experiments with joystick (USFD-WP3)
*  DMc < SMc interface (Demo)
*  DMc (Decision Making component) (Demo)
— Overall architecture:
* Sub-cortical models, cortical models, HRL (CNR-WP6)
* Hierarchical action models (USFD-WP6)
* Relevance of attention processes (USFD Focussed W.; CNR-WP4, see D4.1)
— Functioning, learning based on intrinsic motivations
* Theory and models on intrinsic motivations (CNR-WP5)
» Theory and models of intrinsic motivations (Barto-WP5)
» Predictor, repetition bias, joystick model (USFD-WP5)

* SMc (Sensory Motor component) (Demo)
> — Mapping architecture and principles (AU-WP6)
— Mapping learning and staged development (AU-WP6)

« Solution of all technical and coordination problems related to iCub Demonstrator
— Simulated/real iCub (CNR_AU-Demo)
— Simulated/real mechatronic Board (CNR_AU_UCBM-WP3)
— Yarp, DMc <« SMc interface, working together! (Demo)



SiZmem Theory and mechanisms of

Intrinsic motivations
(CNR-WP5)

-
4
i III

Skills and knowledge SkKills and knowledge
acquisition exploitation

Organism (whole body) Organism (whole body)

4 ?entral nervous system /" Central nervous system

< Intrinsic motivation Intrinsic motivation
mechanisms o mechanisms
-
~ ctuator: ~ ( Actl.lal{)fg"‘"--,_._‘“
- S

Envi t, e.g.:
_ Environment, e.g.: - / - S;gggn;%r; bg{?y
Skills/knowledge - light goes on Skills/knowledge - food/water intake

o

- sexual gactivities
Y Sensors I Sensors J"'f/,-":
", 7 Extrinsic motivation Extrinsic motivation
mechanisms mechanisms

\_ Visceral body J \_ Visceral body

Fitness
(number of
offspring)

Evolution (selection, DNA variation, reproduction)

; Gianluca Baldassarre Lugano, 11-12/07/11, IM-CLeVeR Review Meeting 16



5’;@
GnduS: Theory and models of IM Illl
(Barto-WP5)

Mean Fitness Growth (STEP)
E — Besl reward
= = Basl ingss-bazad rwand
- + o Bost n'pl e iEness based rewand
w B Cither rawa rris
o
E
g
2
m
E ®
&
5 R
=
D SO Do ] e

Time Step in an Agent Lifetime

; Gianluca Baldassarre Lugano, 11-12/07/11, IM-CLeVeR Review Meeting 17



I Gianluca Baldassarre
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(%EV@R Simulated/Real iCub

Simulated/Real Board, Yarp
(CNR_AU-Demo)
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* Goals, tasks and set-up (IDSIA_UU-WP?7)

« Models of action learning based on intrinsic motivations (Demo)
— Visual processing:
» Visual processing (FIAS-WP4)
* Object recognition (UU-WP4)
« Objects recognition, slow features, virtual skin (IDSIA-WP4: see D4.1)
— Reinforcement learning architectures
» Hierarchical architectures (IDSIA-WP6)
« Hierarchical repres. of objects and skill learning (UU-WP6: see D6.1)
— Intrinsic motivations and novelty detection
« Compressor- and predictor-based IM (IDSIA-WP5)
* Novelty detection (UU-WP5)
 Demonstrator (Demo)

— Software/hardware infrastructure (IDSIA-WP7)
— iCub Demonstrator (IDSIA_UU_FIAS-Demo)




52— Goals, tasks, set-up, Demo
(IDSIA-WP7)
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(%a@ em HW/SW infrastructure,

Virtual skin
(IDSIA-WP7)
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(%‘@V% BLE Main collaborations

1) CNR-USFD: CLEVER-B2 (1 common pub.)

2) CNR-UCBM: HRL, motor control (2 common pub.)

3) CNR-UCBM: Board, monkeys experiment (visits/meetings)
4) CNR-Barto: HRL (visit)

5) AU-USFD: “iCub joystick model” (close internet interactions)
6) AU-UCBM: Development (1 common publication)

7) AU-UU: Saccade learning driven by novelty detection (visits)
8) IDSIA-UU: CLEVER-K2 (visits)

9) IDSIA-UU: object visual processing (visits)

10)IDSIA-FIAS: visual processing (visits)

11)IDSIA-FIAS: Reinforcement learning (visits)
12)FIAS-UCBM: object visual processing (common student)

... and 5 Focussed workshops!
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(%@ sE Research went beyond
the state of the art s

Journal publications: 25
Internat. conferences/workshops with referees: 70

Edited books: 2
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...and now WP3:
Abstraction
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(%‘@V% 8 Bio-thread <~ ML-thread: '
cross-fertilisation

1) Theory on intrinsic motivations (CNR_USFD < Barto_UU_IDSIA)
2) Bio-constrained models of IM (CNR_USFD « IDSIA)
3) Bio- and ML-models of hierarchical behaviour (CNR < IDSIA)

4) Novelty detection for staged development (AU «— UU)

5) LCAS Framework for hierarchical skill building driven by novelty
(UU < AU)

6) Visual processing, vergence control (FIAS <« IDSIA)
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él‘!r% o Main evaluators' concerns:
replies AL

(Here few highlights: see Periodic Project Report for others)

« All asked to ensure cross-fertilisation and collaboration
— Several collaborations
— We implemented 5 focussed workshops
« Share IDSIA knowledge:
— Various visits from various labs
« Convergence on IM and HA concepts:
— Various focussed workshops; common books

— Common view is emerging:
(a) Agreement is enough to work
(b) This is itself an important aim of our research

Gianluca Baldassarre Lugano, 11-12/07/11, IM-CLeVeR Review Meeting 42



(%@rﬁ% _= Main evaluators' concerns: i um®

replies L1

« Empirical experiments are informing modelling:
— CLEVER-B2: several inputs from experiments
— Joystick experiment: key inputs from experiments
* UU change of Team leader:
— 2 common reports (UU, IDSIA, CNR)
— UU visits to IDSIA, collaboration on CLEVER-K?2
— Much work from UU! E.g., on computer vision
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