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Industrial robots, assembly line:
Fast, reliable, precise, but highly specific



Ra:mba

ROBODOTIC FLOORN W&

Meno tempo per pulire,
piu tempo per voi.

Roomba, the robot
cleaner, more general
but... it does not do
much!




... the challenge for robotics is to realize robots
that can deal with uncertainty



picture from: (R. Pfeifer 1996)
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in th
perception: how to /nterpref the

iInformation that is gathered (and
processed) by the senses

how to build “internal models” of
the external world, based on the
sensation provided by the sensory
system



What a machine sees What we see

Adapted from: P. Fitzpatrick, et al. 2008,
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- Reference frame: different sensors are
attached to different (moving!) body parts
(eyes, head, hand...)

* Noise, variability...

'
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* Actions: the robot can be active and perform

actions to help perception

V
Vv

sensation

perception | movement
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as test platform on which to validate computational
models of the brain

Robotics Neuroscience
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xamples:
- light and sound - carry information about objects

or events that might be at considerable distance
from us

- pressure on the skin > information about objects
we touch
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channeled

to the inner ear)

+ We always have an active role in
this process > move the eyes or
the neck to look at something,
explore objects with the hand to
determined their shape,
consistency or texture
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(from Yarbus 1967)
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Adapted from Lederman & Klatzky, 1993
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a Ccross a binary cross 2
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Learning abou-cts and others

Learnir-nteract

Learning A.t the Body

\4

Time
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- the importance of the body as a “processing”
device

- the role of actions to solve perceptual
tasks

- and how this can improve actions, that is
the way the robot interacts with the
enhvironment
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Proprioception
Tactile sensors
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Cones (periphery)

Rods (periphery)
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saving is fr'om 5 OOO to 30,000 Fimes.

Optic nerve: diameter 4 cm

Brain weight: from about 3 to 20 fons
Amount of food: ?

Processing time: ?
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Same Layout




27000 pixels

5000 pixels

The same 5000 pixels
plus 27000 retina-like pixels






sound localization
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. we need some sort of computational process to extract
spatial information from the sound signal




— Interaural Level DiTTerence

2) Vertical Component Q -

— Interaural Level Difference (ILD)
at high frequency

V
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horizontal position

Asymmetric external ears -
ILD is "strictly” related to
the elevation of the sound
source

L. Natale, G. Metta, and G. Sandini,
Robotics and Autonomous Systems, 2002
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pinna

concha
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elevation [deg]
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right/left

IPD (barn owl, at 6 kHz)
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error (itd,ild)

Microphones

Environment
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tilt [deq]
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Untvrersity of Genowva

7

LIRA-Lab
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» Even inaccurate signals can be useful to
“close the loop”

» A simple controller can bootstrap learning
and improve performances
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can contro
- link to infant development

(Rochat and Striano, 2000):

- combined double touch

- multimodal perception > vision and
proprioception
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L. Natale, F. Orabona, G. Metta, G. Sandini,
Progress in Brain Research, 2007
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The same algorithm can be used to segment
any body part that is visible when it moves
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complex models of the hand:

- ellipse fitting, train a neural network to compute
position and shape of the hand in the image
plane based on the current arm configuration

- color histogram
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Input image

Color quantization

L. Natale, F. Orabona, G. Metta, G. Sandini,
Lorenzo Natale, Robotics Week, Morego, Genova Progress in Brain Research, From Action to Cognition, 2007



- Estimation:
P(blob; 0 object/fixating object)
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Grasping a toy airplane Grasping a toy car




* Knowledge about the body is important
(reference point)

» Exploit actions to produce sensory
feedback and bootstrap learning
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..but rarely investigated
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Magnet
holder

t—-Hall Effect sensor

Space for
Sensors
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Additional sensors
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—H cam-view

These explorative primitives are used by the following behaviors:
-hovering behavior moves the hand back and forth along v1
-depth behavior moves the hand toward the table, along v3
-pushing behavior moves the hand along v2 (towards the object)
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 The depth behavioris inhibited when contact is
detected at the wrist

» The pushing behavioris activated when both fingers
detect the object

Grasp behavior. when contact is detected on the
palm, close the fingers
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Object Weight Trials Failures
Plastic Bottle 265 [qg] 22 0)
Porcelain Cup 255 [q] 24 1
Box 240 [q] 34 2
Plastic Cup 220 [q] 24 4
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- bottle
- porcelain cup
- plastic cup

- rect. box

WM =

1

/ 3 2 2\ 1
2 2 2 2 \/
TN

N

data is 13 encoders reading, for each grasp
Selft Organizing Map, left: most activated unit, right: U-matrix representation
In the SOM the same/similar objects activate neighboring units

L. Natale, E. Torres-Jara, Intl. Conference on Epigenetic Robotics, 2006.
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» Controlled interaction produces rich
sensory feedback that can be useful
for learning
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