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Fig.2.2: From direct functional design to indirect functional design
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Fig.2.3: Adaptive Autonomous Systems
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Fig.2.4: Top: Equivalent transformation from input-type description to
closure-type description [95]; bottom: input-type description and closure-
type description from a viewpoint of an observer of the system
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Fig.2.5: The Shannon-Weaver communication model
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Fig.2.6: Peirce’s semiotic triad
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Fig.2.7: Differences between symbolic interactions and physical interactions
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Fig.2.8: It’s a simple interaction with a robot using a light, not a communication.
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Fig.2.11: Infants become able to recognize triadic relationships.
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Fig.2.12: Three levels of complexity of robots’ surrounding world

244 00000 0O0O0OO0OODODDODOOOOODOO

ggobooboobooooboboooobobooooooobuoooboboboogoooo
ggobobbdogobooooooooboooobobooooobbobooooooo
gogobbboodbobooooobbuoooobbbooobbbuoooobobo
gogobbboodbobooooobbuoooobbbooobbbuoooobobo
ggobobbdogobooooooooboooobobooooobbobooooooo
gogobbboodbobooooobbuoooobbbooobbbuoooobobo
gogobbboodbobooooobbuoooobbbooobbbuoooobobo
ggobobbdogobooooooooboooobobooooobbobooooooo
ggobobbdogobooooooooboooobobooooobbobooooooo
goobobboooon

gobbobodoooobobooouoobbobooooooboooooobobobooooo
gobooogoooboobdoooobooooooobobooooobobobooooo
gogobbboodbobooooobbuoooobbbooobbbuoooobobo
0000000000000000000000000000000*! 00000
ggobobbogobooooooooboooobooboooobbobooooooo
00000 88,8900 00000000 DLO0OO0ODOOO0OUOODOO0UOOOD
ggobbbdoodbbbooooobbuoooobbbooobbbooooboboo
ggobobbogoboooooooboboooobobooooobbobooooooo

2l 00000 IVOOO0DO0000000000000000000000000000000000

- 63 -



o220 0000

Jooooooobooooobooooobooobbooooobboooooooon
dooooooooooobon

ggoooooooooibboooooggooooooooboooooo
0ooooooooooobbooooooooooooooooobobooooo
J.Piaget 000D O0O0O0O0OODODOOOOODOODOO0ODOODOODOODODO
00000000000 000000000000000o00o0o00onGOFALO
000 NewAlOOODOOOODOOODODOODOODODODOODOOOOOOOOO
0000000000 J.Piaget 000000000 O0ODOOOOOODOODODOODO
goooooooooootbobooooooogouooooooooboooouo
goooooooooootbobooooooogouooooooooboooouo
0ooooooooooob oo oooooooobooooo
0ooooooooooob oo oooooooobooooo
oot oobooboooug
0ooooooooooob oo oooooooobooooo
000000000 J.Piaget 000000000000 OO0O0ODOODOODOOOOO
O0J. Piaget 0000000000 DO0OO0OODOODODOOOODOOODODOO
ggooooooooootbboooooooogouooooooooboooooo
0ooooooooooobboooooddogooooooobobobooooo
ggooooooooootbboooooooogouooooooooboooooo
oo oooooug
(Dual-Schemata model) 0000 J. Piaget 000 000000000000 OOO
0ooooooooooobbooooodooooooooooobobooooo
goooooooooootbboooooooogouooooooooboooouo
0000000000000 00000DO0000D00000Fig.2.1300000
00000000000000000000000 (perceptional schema) 0000
00000000000000000000D00000 (intentional schema) O O
goooooooooootbbooooodoogouooooooooboooouoo
Joooooooooobbooodoooooooooooooboon

000 Fig. 21300000000 0000 IVOOODOODODODOOODODOO
00000000000 0000000 Ioo00o0oD0ooooooooooon
OO00000O0O000D0O0O00ODOO000DoOO00DD Mobooooooooooao
0ooooooooooobbooooooooooooooooobobooooo

- 64 -



24 0000O0O0ODO (constructive semiotics)

Distal Signal ’<]1DB
Receptor <::I

virtual Audio/

Visual

Part 1V

neurons

: [ Perceptional
Scl
Part I/ | swieh | | |
[

Perceptional
" Schema [n]

Environment
/Object

e

T

Intentional
Schema [m]

Part Il B | [

Intentional
Schema [m’ ]

T | Reward Reward
" Receptor System
T
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Fig.3.2: Dual-Schemata model
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Fig.3.3: A facial robot and a moving blue ball projected on a wall
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Table3.1: Prepared intentional schemata for the facial robot

Intentional schema Inner functions
151: Random mode ar = G7 (s¢) = 10,
1S5: Browse mode st = Ga(sy) = 16,
1S3: Chase model sy = ég(st) = ( 82 )
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Fig.3.4: Trajectories of pan and tilt angles of the facial robot
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Fig.3.5: Transitions of activities of perceptional schemata and their dif-

ferentiation processes
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Fig.3.6: Fuzzy membership functions of the obtained perceptional schemata
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Fig.3.7: Relations of the four schemata represented by fuzzy sets
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Fig.4.1: Conceptual graph of nonlinear hypothesis about symbol generation
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1) Large ¥izual Angle

21 Namow Wisual Angle

Fig.4.2: Physical environments of differently embodied robots
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Fig.4.3: Sensory inputs for a facial robot
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Table4.1: Intentional schemata

Index Name Inner function
1S5y | Random mode a; = Gy = 0.50;
15, Chase mode | sf.; = Gi(s¢) = (0,0)

1S Browse mode | s&,; = Ga(s:) = 0.50;

Table4.2: Movement of target ball

Mode Name Dynamics
M, Stop (Bs, By) = (0,0)
M, | Horizontal | (B, By) = (60 cos(wt), 0)
Ms Vertical (B, By) = (0,60sin(wt))
M,y | Circularly (B, By)

= (60 cos(0.5t), 60 sin(wt))
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normal vector: z

Fig.5.4: An overview of the agents used in the experiments
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Table5.1: Intentional schemata
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Fig.5.5: Transitions of the weighted averaged rewards in a simple rein-

forcement learning task.
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Fig.5.6: Transition of the weighted averaged rewards which were obtained
by the four different learning architectures
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Fig.5.7: (Top) time course of schemata’s activities and differentiation
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Fig.5.8: An obtained attractor in the agent’s sensor space
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Table6.2: The scenario of the experiment
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Fig.7.1: An overview of the schema model with a normalized Gaussian network
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Fig.8.5: The reinforcement learning schemata model with a STDP neuronal circuit
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