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The Perception-Action-Model with Memory

perception behaviors

SENSOrs

- action
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CMAC: Cerebellar Model Articulation Controller

S sensory input vectors (firing cell patterns)

A association vector (cell pattern combination)
P response output vector (A - W)

W weight matrix

The CMAC model can be viewed as two mappings:

f:S—A
g:A&P

J. Zhang, L. Einig
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CMAC-Model (cont.)

sensory cells association cells adjustable weight response cells
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B-Spline-Model

The B-Spline model is an ideal implementation of the
CMAC-Model. The CMAC model provides an neurophysiological
interpretation of the B-Spline model.

State pattern rule firing
coding matching & synthesis

extracting
position
featurs

orientation
coding

vector state variables rules output
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Action-oriented Perception

Percept-1———{ Behavior-1 | Response-1
Percept-2———{ Behavior-2 | Response-2
Percept-3 Response-3
Percept-1 ~.
Percept-2—{  Fusion Percept [ Behavior |—+ Response
Percept-3/
Percept-1
Percept-2 Response
Percept-3
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The Subsumption Architecture

» hierarchical structure of behavior

> higher level behaviors subsumpt lower level behaviors

[ microphone ]—»} detect sound pattern
[ bumper ]_>} escape
[ IR detector ]—>} avoid
[ photo cells ]—»} follow

cruise

(18]

motors
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Foraging and Flocking

» multi-robot architecture

flocking=wandering+aggregation+dispersion

> basiC behaViOrs are Sequentia”y executed surrounding=wandering+following+aggregation
herding=wandering+surrounding+flocking

. . : . foraging=wandering-+-dispersion-followin,
basic behaviors composite behaviors e homing 1 flocking b

homing >

sensory inputs/

>, sensory conditions
»

dispersion

flocking

aggregation >

actuator output

safe wandering|

following | ; ' > [19]
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Control Architecture of a Fish

Control and information flow in artificial fish
Perception sensors, focuser, filter

Behaviors behavior routines

Brain/mind habits, intention generator

Learning optimization

Motor motor controllers, actuators/muscles

J. Zhang, L. Einig
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Control Architecture of a Fish (cont.)

Brain / Mind
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Procedural Reasoning System

OPERATOR
INTERFACE [
y
beliefs desires plans intentions
Y
COMMAND
MONITOR INTERPRETER GENERATOR
sensors actuators [20]
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Hierarchical Fuzzy-Control of a Robot

¥

subgoal planning

commanding
of other robots,
human users

replanning

subgoal
approaching
local collision situation
avoidance evaluation
world

command model
from others

| su bgoal sequence

fuzzy controller

knowledge base

robot perception [21]
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Behavior Fusion

Fuzzy rules evaluate current situation.
Situation evaluation determines 3 fuzzy-parameters
» the priority K of the LCA rule base
> the replanning selector
» NextSubgoal (whether a subgoal has been reached)
Typical rule IF (585 IS HIGH) AND (SL45 IS VL) AND (SLRO IS VL) AND
(SR45 1S VL) AND (SR85 IS VL) THEN (Speed IS LOW) AND (Steer IS
PM) K IS HIGH AND Replan IS LOW
Translation If the leftmost proximity sensor detects an obstacle
which is near and the other sensors detect no obstacle at
all, then steer halfway to the right at low speed. Mainly
perform obstacle avoidance. No re-planning required.
Coordination of multiple rule bases
Speed = Speed|ca - K + Speedsa - (1 — K)

J. Zhang, L. Einig (=] = = = o> 473
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Hierarchy

Real-Time Control System (RCS)
> RCS reference model is an architecture for intelligent systems.

» Processing modes are organized such that the BG (Behavior
Generation) modules form a command tree.

» Information in the knowledge database is shared between WM
(World Model) modules in nodes within the same subtree.

[22]

Examples of functional characteristics of the BG and WM modules:

J. Zhang, L. Einig
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Hierarchy (cont.)

value judgment

task
sensol
Level 7 processri:qu decomposition
world
Level 6 - modeling
world
Level 5 modeling
world
Level 4 modeling
world
Level 3 modeling
world
Level 2 modeling
world
Level 1 modeling

world
modeling
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Hierarchy (cont.)

Task context for next day Group ¥ Plansformexiday — — — T T T 7
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Hierarchy (cont.)

to higher levels from a priori from higher levels
of interpretation knowledge base of control
Gy - M, - Hy

arameters of higher

4 evel world model
specification of parameters of
world model error Y world model Y
l > l o
Gs | Ms]. Hs
T T
A parameters of specification of
expected world sub-task
parameters of v v

sensed world
G2 - ~ M2 < ~ H2

 \

G1 |- M.

Y
I
flary

[22]
from sensorsf *to servos
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Other examples
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AuRA Architecture
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Atlantis Architecture

SENSORS — CONTROL <«——ACTUATORS

activation status

A

results invocation
Y

DELIBERATIVE

[26]
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