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Goal: Create a Robot with increasing levels of
competence

0) Avoid contact with objects (whether the objects
moving or are stationary)

1) Wander aimlessly without hitting things

2) “Explore” the world by seeing places in the
dljlstance that look reachable and heading for
them

3) Build a map of the environment and plan routes
form one place to another

4) Notice changes in the static environment

5) Reason about the world in terms of identifiable

objects and perform tasks related to certain
objects

6) Formulate and execute plans that involve

changing the state of the world in some desired
way

7) Reason about the behavior of objects in the world
and modify plans accordingly



Prior model of robotic control systems

Sensors ——F ——  Actuators

perception
modelling
planning

motor control

" task execution

Cumbersome if robot has many goals
eConflict resolution between goals
eToo much sensory data for some tasks

eSlow (dangerous)



Layered Control

reason about behavior of objects

plan changes to the world

identify objects

monitor changes

Sensors ———p» — Actuators
build maps

explore

wander
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Layered Control

» Sensors need not feed into a central
control. Instead, go directly to layer.

» Each layer can process and react on
own clock

» Communication is performed by
suppressing/modifying input or
output



Layers follow old model (sort of)

Sensors ——) ——  Actuators

perception
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motor control

" task execution

Each layers can actually be further
broken down into "modules”
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Level 0 Control System
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Avoid contact with objects (whether the
objects moving or are stationary)



Level 0 Augmented with Level 1
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Wander aimlessly without hitting things



Level 2 Added

“Explore” the world by seeing places in the distance
that look reachable and heading for them



Simulation Results

Fig. 9. Under levels 0 and 1 control the robot wanders around aimlessly. It
does not hit obstacles.



Simulation Results (Cont
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Fig. 10.  {a) With level 2 control the robot tries 1o achieve commanded goals.

The nominal goals are the two straight lines. (b) After reaching the second

goal, since there arc no new goals forthcoming, the robol reverts (o aimless
level | behavior.



Physical Implementation

elevel O

eFound Center of Room (Farthest
from object)

eStayed out of people’s ways
elevel 1

eMoved around without hitting
objects

elLevel 2

ePicked a goal and headed
towards it

o]f goal Overshot’ did not run into Fig. 11. The M.LT. Al Lab mobile robot.
objects b/c Level 1
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Layered Control Benefits

Multiple Goals
Multiple Sensors

Robust

e Low, Critical layers can be thoroughly
debugged independent of upper layers

Extensible

e Layers (and even modules) can run
independently on their own processors
with loose coupling and little bandwidth
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Layered Control Benefits

Robot problems defined by
behaviors, not functional modules

Easy to incrementally build and test

Processing can be performed
asynchronously and in parallel

No need for central control



State Configured Layered Control, 1990
e Sea Grant Program, MIT

James G. Bellingham Thomas R. Consi
(Rutgers Alum!)



Goal: Software Architecture for AUVs
to Complete Complex Missions

Sea Squirt



Complex Mission

1. Begin in a location

2. Transit to a waypoint

3. Search for a target

4. Travel home for recovery

» During all phases, avoid shallow
water and obstacles



—L—#»-1 Shoaling A.

Layered Control

Simplifies
problems into
layers

Yet, not all
layers are
needed during
all mission
phases

Obstacle A.




State Configured Layered Control

State Table

L7
L7

Behavior Library Active Layered
_ Control Structure
Break control into two levels:

e On the bottom, layered control

e On the top, a state table that activates other layers
(behaviors) based on the state (i.e. mission phase)



Start

A: Transit
to waypoint

"Waypoint
mhkved"

"Low C: Home on "Target found"
power” transponder
"Very low power"
or "arrived at
transponder”

State Diagram
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Layered Control
Configurations



State Configured Layered Control

» Simplifies the layered control
structure based on state

» Layered Control (lower) can still
operate while State Control (upper)
determines state configuration

» All benefits of layered control
preserved

e Multiple goals, Multiple Sensors,
Robustness, Extensibility



Additional States Can Be Added To
Handle Failure Scenarios

"Very low power"Y E: Recovery "Very low power”
or "waypoint configuration
achieved



Simulation
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