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For planning in the domain of autonomous robots, ah-
straction of state and actions is indispensable. This ap-
straction however comes at the cost of suboptimal exe-
cution, because relevant information is ignored. A soly-
tion is to maintain abstractions for planning, but to fill
in precise information on the level of execution. To dd
so, the control program needs models of its own behay-
ior. These models, as well as the control routines them-
selves, should be learned automatically. Unfortunately,
the performance of learned routines often drags substgn-
tially behind those of programmed ones, at least for con
plex, interacting, and dynamically changing tasks. In oy
opinion this is not due to a poor performance of learning
algorithms, but to the insufficient integration of learn-
ing into control languages. We develop the robot contrg
and plan language RoLL, which provides mechanism
for representing state variables, goals and actions, ahd
integrating learning into the controller.

Aim
Development of high-performance robot controllers that
e adapt themselves to new situations,

e use models of their abilities and the environment,
e acquire sets of heterogenous skills at different levels.

Approach

e model-based representation of the physical world

e explicit representation of abstract modalities like state
variables, procedures, and goals

e synergetic interation of programming and learning
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Application

e autonomous robot soccer
e simulated household robot

RoLL's Learning Tools

RoLL provides a parameterizable execution model fg
plans that contains functional components for learnin
Parameters are defined by RoLL specifications.

RoLL Execution Model

-

o 9 Problem E
£ E Generator

cEe N
c L

Q Iy Learning ‘__Performance \Y
] Element — Element |I?
— L 0
5 8 Critic N
32 : M
% .% State Variables E
: y

State Estimatiol

S~

RoLL Specifications

define raw experiencedezier-raw-exp
while achieving goalexp-collection-goal
using problem generatorbezier-generator
select*.value, *.goal-value
from position-sv, episode.target
in interval [episode.start, episode.end]
sample period100ms

. transform experiences to facilitate learning

define abstract experiencebezier-exp
using raw experiencedezier-raw-exp
selectbezier-param-0, bezier-param-1
from clustered-filtered-experiences
where minimum(deltaTime)

. perform learning
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define learning problem for routine navigation
experiencesezier-exp
learning systemneural net
learning bias hidden units=3, function=backprop
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RoLL Performance Elements

RoLL uses state variables, goals and procedures f
specifying competent robot behavior.
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State Variables

e represent physical quantities
e have physical dimensions, units, and ranges
e can beobservablederived andcontrollable

def-observable-s\yposition
slots ~x unit=m range=[-6m, 6m]
~y unit=mrange=[-4m, 4m]
history=(length:3, sampling:0)

Goals

e are constraints over controllable state variables
e arbitrate for the best routine in current situation
e monitor procedure execution

declareGoalreach-pose (position, precision, weights)
specification3t : t > to
Adist(pos(t), pos) < precision.dist
available-routines= reach-position

. ;o — Weights.time weights.dist
objective = =5+ Ferpoao),pos)

Procedures

e any kind of procedure (functions, control routines)
e can be learned or programmed
e provide (learned) models of their behavior

declare routine navigation
superclasdow-level-routine
fulfills goal robot-at-position
statusto-be-learned
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Progress

pr Our language is implemented on top of the robot contro
and plan language RPL.

Model-based constructs

e rational reconstruction of the autonomous robot
soccer controller

e control of soccer robots in world championship 2004

e control of simulated kitchen robot

Learning

learning problems for soccer robots

produced navigation routines that reach the level o
programmed ones

used in practical courses

coupled to MySQL database system

uses WEKA data mining tool

gathered
experiences

learned
experience
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