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Architectures of Sensor-based Intelligent Systems
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The Perception-Action-Model with Memory
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CMAC-Model

Architectures of Sensor-based Intelligent Systems - The CMAC-Model Introduction to Robotics

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: AL P
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CMAC-Model (cont.)

Architectures of Sensor-based Intelligent Systems - The CMAC-Model Introduction to Robotics

sensory cells association cells adjustable weight response cells




B-Spline-Model

Introduction to Robotics

Architectures of Sensor-based Intelligent Systems - The CMAC-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

X 5

input
vector state variables rules output
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Alvinn — Visual Navigation
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Action-oriented Perception

Architectures of Sensor-based Intelligent Systems - The CMAC-Model Introduction to Robotics

Percept-1———| Behavior-1 | Response-1
Percept-2———| Behavior-2 | Response-2
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The Subsumption Architecture

Architectures of Sensor-based Intelligent Systems - The Subsumption-Architecture

Introduction to Robotics

» hierarchical structure of behavior

> higher level behaviors subsumpe lower level behaviors

(microphone. [ deiec sound pattern |———{ piezo buzeer |
[ bumper )] escabe
(R detector_1~|_ovad
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cruise e S motors
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Foraging and Flocking

Architectures of Sensor-based Intelligent Systems - The Subsumption-Architecture Introduction to Robotics

» multi-robot architecture

» basic behaviors are sequentially executed flocking=vandering +aggregationtdispersion

surrounding=wandering-+following+{-aggregation
herding=wandering+surrounding+flocking

foraging=wandering+dispersion+following

basic behaviors composite behaviors T homing-flocking

homing >

sensory inputs/
sensory conditions

dispersion

aggregation > 5

safe wandering ‘ N >
— ] e
— 1

following > [18]

flocking

Y

actuator output
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Cockroach Neuron / Behaviors

Architectures of Sensor-based Intelligent Systems - The Subsumption-Architecture

Introduction to Robotics

| SENSORS | [ BEHAVIORS
mouth
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mouth  ———! ingestion
synaps threshold chemical
Clrrents  currents voltage
antenna finding
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— rin
frequency
edge
R C gutennaly ;> following

cell membrane

J. Zhang, L. Einig

wandering




Control Architecture of a Fish

Architectures of Sensor-based Intelligent Systems - Control Architecture of a Fish Introduction to Robotics

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
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Control Architecture of a Fish (cont.)
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Procedural Reasoning System

OPERATOR
INTERFACE
Yy
beliefs desires plans intentions
A
Y
COMMAND
MONITOR INTERPRETER GENERATOR
sensors actuators [19]
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Hierarchical Fuzzy-Control of a Robot

Architectures of Sensor-based Intelligent Systems - Behavior Fusion Introduction to Robotics
. . commanding
subgoal planning - of other robots,
replanning human users

subgoal sequence

subgoal
approaching

local collision situation
fuzzy controller ovaluation
— ] Y world
command model
from others
L]
L]
. knowledge base
robot perception [20]
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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 (5L85 1S 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)
Steer = Steer;ca - K + Steersp - (1 — K)

LCA: Local Collision Avoidance SA: Subgoal Approach



Hierarchy

Architectures of Sensor-based Intelligent Systems - Hierarchy Introduction to Robotics

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.

[21]

Examples of functional characteristics of the BG and WM modules:
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Hierarchy (cont.)

Architectures of Sensor-based Intelligent Systems - Hierarchy

J. Zhang, L. Einig
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Introduction to Robotics
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Hierarchy (cont.)

Architectures of Sensor-based Intelligent Systems - Hierarchy Introduction to Robotics
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Hierarchy (cont.)

to higher levels from a priori from higher levels
of interpretation knowledge base of control
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Sensor-Hierarchy

Recognition of relations of

Level IV objects

Level 11l

Descriptions of relations of
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objects or unrecognized aggre-
gates

Recognition of aggregates of

Level Il features (objects)

Descriptions of aggregates
|————————— of points and their features
(object elements)

| Properties of points in space

1
Level |
Level 0
[)
raw data
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Other examples

PLANNER
global recognition ‘
v
global path planning ‘
Y
NAVIGATOR
sub-goal formulation ‘
¥
local path planning |
Y
PILOT

target generation ‘

dynamic path planning ‘
Y

PATH MONITOR
target location ‘
v
path correction ‘

Y
CONTROLLER

low-level
control

SENSORS
ACTUATORS
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Other examples

| robot actuators | | vision hardware | o0 0 |other coordinatorsl

Architectures of Sensor-based Intelligent Systems - Hierarchy Introduction to Robotics
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An Architecture for Learning Robots

Architectures of Sensor-based Intelligent Systems - Architectures for Learning Robots Introduction to Robotics
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AuRA Architecture

J. Zhang, L. Einig
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Atlantis Architecture

SENSORS ——— CONTROL <+—ACTUATORS

activation lstatus
A
results invocation
Y
DELIBERATIVE [26]
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RACE

Robustness by Autonomous Competence Enhancement

Architectures of Sensor-based Intelligent Systems - Architectures for Learning Robots Introduction to Rob:

owL ROS
OWL concepts plan Execution actions Robot
HTN Planner
Ontolo, i -
&Y Monitor action O
results Capabil-
inital state, plan O ities
new concepts goal )
fluents, plan,
schedule | | goal
Conceptualizer | experiences continuous ?
data Lo s, Uh
sensor data
Blackboard
owL fluents Perception
concepts
- Perceptual
Reasoning fluents f expe- instruchs Memory
and ) uents | | o ces instructions
Interpretation fluents
Experience User [27]
Extractor/ 5 L
Annotator Interface instructions
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