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COGNITION

Cognitivist Hybrid

• Symbolic computation
• Information Processing
• (Unique) objective external world
• Designer-dependent 

symbolic representations
• Intrinsically dualist

Emergent

A-Life

Connectionist
Systems

Dynamical
Systems

Enactive
Systems

Self-Organization
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Study action, cognition is a byproduct of sophisticate acting,
prediction, and long-term prospection

Assume there’s an independent cognitive module that
eventually determines action
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More complex and revealing exploratory use of action
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Robotics Neuroscience

Inspiration, design constraints, biological plausibility

Designing new experiments, better understanding, precise models



*

* http://www.chessstetson.com/eagleeye.html

Autonomous 
systems, learning
from unlabeled 

data

Part of the cognitive
and perceptual

system in humans

Emergent systems
approach requires it

2� ���� 	��

Perception derived 
from action

Required to effect actions, 
measure consequences, 
gather data

To acquire their own 
understanding
of the world
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Random source from the Internet

Bingham, Schmidt, Rosenblum. Hefting for a maximum distance throw: a 
smart perceptual mechanism. Journal of experimental psychology: human 
perception and performance. 15(3) 1989

4 sizes, 5 weights, 3 choices

Because the kinetic energy developed during 
a throw determines flight distance and 
because the kinetic energy coupling term 
relates to one of the means by which kinetic 
energy is developed and transferred 
eventually to a projectile, the interjoint phase 
relations [elbow-wrist] were interpreted as 
providing information for the perceived 
property, “optimal object for throwing to a 
maximum distance”.

The answer entailed by the approach taken in the 
[experiments] is that the scaling relations are based 
on the same or on closely related dynamics.
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1 s

20 sp/s

A B

Observation + action Observation only
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The neuron is activated by “seeing” someone else’s hand performing 
a manipulative action and while the monkey is performing the same 
action

From: Fadiga, L., L. Fogassi, V. Gallese, and G. Rizzolatti, Visuomotor Neurons: ambiguity of the 
discharge or "motor“ Perception? Internation Journal of Psychophysiology, 2000. 35: p. 165-177.

The type of action seen is relevant
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Action made Action seen
Same Neuron
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Sense Some
computation Act …and close the loop
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Act Magic Sense …and close the loop
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Controlled
objectGain

Stiffness, viscosity

Feedback
motor

command
Realized
trajectory

Delay

Desired
trajectory

-

+

Controlled
object

Feedforward
motor

command

Realized
trajectory

Desired
trajectory

Inverse
model

From: M. Kawato. Internal models for motor control and trajectory planning. 
Current Opinion in Neurobiology 1999, 9:718–727
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Make feedback control either poor or unstable altogether



Arm Realized
trajectory

Desired
trajectory Inverse

model

Forward
model

Efferent
copy

Fingers Grip
force

Grip
force

controller

From: Flanagan JR, Wing AM. The role of internal models in motion 
planning and control: evidence from grip force adjustments during 
movements of hand-held loads. Journal of Neuroscience 1997, 
17:1519-1528.



From: Lackner JR, Dizio P. Gravitoinertial force background level affects 
adaptation to Coriolis force perturbations of reaching movements.
Journal of Neurophysiology 1998, 80:546-553.
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From: Fogassi L., Gallese V., Fadiga L., Luppino G., Matelli M., Rizzolatti G. 
Coding of peripersonal space in inferior premotor cortex (area F4). Journal 
of Neurophysiology 76 (1) 1996.



, �O	�����������!

T1: in the dark
T2: LEDs on, w/ object
T3: LEDs off

T4: LEDs on
T5: LEDs off, object removed
T6: LEDs on

From: Graziano M.S.A., Hu, X., Gross C.G. (1997) Coding the location of objects in the dark. 
Science 277 (July): 239-241.
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Generalization

Perfect, across the whole state space
Parametric model, functional form tuned
to the problem

None, apart from the explored portion
of the state space
Lookup table approach

Something in between
Generic components, modularity

VC dimension (complexity of the 
Hypothesis space of functions H),generalization z H He S A≤ +
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time

Cause Effect

Canonical map F5

Orientation and size of the object
Parietal cortex (AIP)

Grasp type coded in motor terms
e.g. force fields

The neural map can be imagined as a table filled with
object-grasp type pairs.

The teaching signal is the successful grasping of the object
which can be reinforced by both tactile and visual stimuli.



The experimenter performs 
the action

time

Cause Effect

Mirror map F5

Pragmatic information about 
the object. The robot knows 
already how to grasp that 
particular object

Grasp type coded in motor terms
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mov
mov
mov
mov

Action B
mov
mov
mov
mov

Action C

Perceivable
consequences

Action A

Sensory feedback

(GOAL)

C
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Individual A Individual B
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• First: learn to interact with objects.
• Manipulate objects.
• Acquire the motor primitives.
• Generate the canonical neurons representation.
• Learn by interacting with the environment (the error is 

measured directly).
• Second: learn the mirror representation.

• Correlate the experimenter’s action with the performed 
action (goal).

• This requires canonical neurons to be constructed in 
advance.



% � ��	���I��� ����� ���
�����

' + #������#	��� ��	���������	�� ���
��� 	��	��
�	M

- $�������" �#���O	������	�	����!G����:������ 
�#�" �#�
���

- $�������" �#���O	������
���	�� �����	����������	�����
���������	�������� 	��������!�/	0�0�������1

- % ������
�	� ���
����!�	�����
��*��F�������F������F�" ������������� ���
��� 	�
�	��
�	�

- /��" ���������� ���#	�� ��
� ���� �� ���
�����81



24�	�� 	������	�
�8



� ����� ��	�� 	�!8



, �O	������� 	����	4��	��	�
�	��
�	��#	!���	�� ���
���	�

Fixate target Track visual 
motion…

(…including 
cast shadows)

Detect moment 
of impact

Separate arm, 
object motion

Segment object

Which edge should be 
considered?

Color of cube and table 
are poorly separated

Cube has misleading 
surface pattern

Maybe some cruel 
grad-student
glued the cube to the 
table

by Paul Fitzpatrick
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A toy car: it rolls in the 
direction of its principal axis

A bottle: it rolls orthogonal to the 
direction of its principal axis

A toy cube: it doesn’t roll, 
it doesn’t have a principal axis

A ball: it rolls, 
it doesn’t have a principal axis



� 	��
�	�C ����
���!D

side tap

back slap

pull in

push away
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Rolls at right 
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principal axis

Rolls 
along 
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Object, goal connects robot and human action
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A foreign manipulator (human) pokes an object
The direction of movement is compared with the object affordance

Final position

Initial position

“The robot could actually tell this was a side tap”
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The robot mimics the observed action trying to fulfill the goal 
rather than an actual movement

Example 1Final positionInitial position

Example 2Final positionInitial position
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Demonstration by 
human

Mimicry in similar 
situation

Mimicry when 
object is rotated 

Invoking the object’s natural 
rolling affordance

Going against the object’s 
natural rolling affordance

Demonstration by 
human

Mimicry in similar 
situation

Mimicry when 
object is rotated 

Invoking the object’s natural 
rolling affordance

Going against the object’s 
natural rolling affordance
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For details: Fitzpatrick 2003, From First Contact to Close Encounters:
A Developmentally Deep Perceptual System for a Humanoid Robot
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For details: Fitzpatrick 2003
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2 cameras

Tactile 
sensors

Images
Frame 

grabbers

RS232

RS232

40 msec

Cyber-glove

Tracker

Other 
sensors

To disk

To disk
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{Gi}: set of gestures
F: observed features
{Ok}: set of objects

p(Gi|Ok): priors (affordances)
p(F|Gi,Ok): likelihood to observe 
F

( ) ( ) ( ) ( )| , | , | / |i k i k i k kp G O p G O p G O p O=F F F

( )ˆ arg max | ,
i

MAP i k
G

G G O= F -45° (b)
+90°(a)

a

b

0° (b)
+135°(a)

+45° (b)
+180°(a)

~ 
76

 c
m

x

yz

168 sequences per subject
10 subjects

6 complete sets
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Vision Classifier

Fv, Ok
Gi

Vision ClassifierVMM

Fv, Ok Fm, Ok
Gi

Learned by backpropagation ANN
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Classification
(recognition)Grasping actions

Visual space Motor space

Object affordances (priors)
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