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ve Assistants

Advancing thescieceof cognitiwe architectures

What ma kes a cognitiv e system un -

der sta nd?

Vision

Thegoal ofthe CoSy intgrated
project is to adancethe sciece of
cognitive architectures br cognitive
systens We want to irvestigate the
requementnddefgn optioffar archi-
tectures tha not only maket possi
ble for a robot to act in an mviron-
ment, but actually eale it to un-
derstand vhat it is doing and \wy,
and usehat undestanding to inte
act with humans and thenviron-
ment in meaningful wgs We se
thisneed for unde standingasone of
the major dallenges br adieving
the visionay FF6 objective. Without
understanding a cognitie systen is
unlikdy to ahieve humaniike per-
formancein a Re&ible, adaptiv, and
interactive way.

The CoSy poject provides a highly
interdisciplinay research platform
for addiessing this goal. Ae part
ners contritute stde-of-the-art ex-
pertisein artibcial intdigence ro-
botics philosoply, cognitie vision,
expeimental psghology, and nau-
ral languageprocessing Through
integration aciooss theedisciplines
the CoSy poject will overcomethe
sciatibc fragmatation that has
prevented Artibcial Intdligenceand
Cognitive Systens to makeprogress
towardsan undestanding ofcom
plete cognitiwe systens

Approach

The CoSy poject establishes a viev
on undestanding wich is inhe-
ently basd on an intgration of
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experienceand knavledgeacioss
sesorimotoric and cogniteymo-
dalities To investigate how this viev
can povide the basisdr a cognitie
architecture for a highly comptent
robot, we pursuetwo types of objec-
tives: Theory objectives which focus
on adwancing thescienceof a prin-
cipled design ofartibcial cognitie
systens and implenentation objec-
tives which turn the scietibc in
sights into inaasindy sophisticted
expeimental plaforms Theimple
mentation objectives povide focuse
sdtings br exploring thetheory ob-
jectives

Theory objectiv.  es

The CoSy poject aims to poducea
body of theory tha hdps us to un
derstand hav artibcial cognitie
systens can balesigna in a princt
pled way. Particulally, we want to
address theproblems inolved in
undetandingHow can a cognitie
systen acquie, and the form, an
undestanding ofthe situdion it
Pnds itsk in, through s#-motivated
or humanassisté exploration? And
how can it undestand its wn rela-
tion to tha environment and othe
agets theein? To arive a a theory
of degningud systens we adopt a
requirementsbasel mehodology.
We want to shav how investigating
the undelying problems giwes riseto
requirements br meeting these
problems design optionsdr imple-
menting therequirements and in
sights in hw design deisions mg
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affect thesysten® abilities br unde-
standing positively and nejatively.
Theresulting thery will conside
the design ofartibcial cognitig sys
tems d different levels of abstrae
tion, regarding forms of architec-
tures representations declaraive
and piocelural knavledge reason
ing, and thevarieties of mechanisms
we need to relate content acioss di
ferent modalities The CoSy poject
draws hee on theexpertise of the
individual partnes to deelop sub-
theories br different cognitive sub
processg and thevarious brms of
representation and knavledgethey
may ne=d. Theory construction
builds on enpirical results in elated
disciplines (eg psyhology and lint
guistics) and &devements in com
puter science softwae engineering
and artibcial intligence (including
robotics).

Implementation objectiv es
The CoSy implenentation objec-
tives aim to povide experimental
platforms thd hdp meet our vision
of investigating artibcial cognitie
systens tha underand CoSy po-
duces well-documented implementa-
tions ofa succssion ofincreasindy
sophisticted working systes These
systens denonstrde applicdions of
parts ofthetheory in three scaar-
i0s:Object manipulatipatial ploa-
tion and<elf-undgandin¢OthePhi-
losopheO). In ad of thesescear-
ios therobot is capale of peform-
ing a diversecollection of tasks in
various tallenging scearios com
bining vision and otheforms of
perception, learning, reasoning
comnunicaion and goaldrmation.
Initially two main kinds ofrobots
are investigated, both ofwhich learn
from and inteact with a human. In
spatial eploationyve investigate how
a robot can acqui a seseof space
in terms ofwhat it can do vinere,

how -and why. In object manipulation

we stud/ how a robot can larn how
it can manipulée structued objects
on a tatbe top. Challenging to both
scanarios is Wat kinds ofunde-

standing theobot requires so thait
can maningfully act and intact:
Therobot neds to acquie sud a
seseof spaceor saseof manipu
lation, so thait can brm a common
basisdr unde standing bawveen
itsdf and a human.

Common qustions to all scarios
are where to draw the nature/
nurture bounday, beween what is
designel in initially and vinat arises
through learning and deelopment;
and haow to integrate different forms
of representations neded to form
an undestanding ofthe situaion.

Achievements to date
During the brst year of the project
we peformed initial investigations
into thenaure/n urture issugand
into requirements br associdng
different levels of content descrip
tion acioss arious cognitig and
perceptual modalitie We have de
veloped an initial plaform on which
theseissus can benvestigated in
practical st#tings br spdial explora-
tion, and br object manipuldion.
Theresulting systa is capale of
interacting with a human useto
communicae about \arious aspes
of spdial organizaion in theenvi-
ronment. In spdial exploration, the
robot learns moe about vihere dif-
ferent types ofrooms aein an in
door environment, through inteac
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tion with a human Wo guide the
robot aound. In objet manipula
tion, therobot and thehuman can
talk aboutthe spaial organizaion of
various visually id#iPabe objects
in a ndural tade-top scee

Progress

Currently, CoSy make piogress
towards cossmodal epresentations
that combineinformation from dif
ferent sensorimotoric modalitie
Theserepresentations should -
vide a basic ledl for undestanding
where what could bedone and hav.
Understanding is marthan just
perceptual gounding: It crucially
involves piediction of the possite
effects ofactions to sewhether a
situaion would support an action.
More speibcallywe aim to:

I acquie modds of situaed unde-
standing adifferent levels of granu-
larity, using hiearchical modés of
visual objets and avironments

I investigate acquisition as a mix
ture of sdf-initiated exploration, and
humanassisté learning, starting
from crossmodal primitives br the
construction ofcaegory systes
within and acoss modalitie

I focus in objet manipuldion on
learning haw to inteact with objets
and comple structues and in spa
tial exploration on learning the3-
dimensional functional structarof
an ewironment.

I ensuee that in theresulting achi-
tecture, sexsorimotoric modalitie
and languagare connected so tha
we can irvestigate theroles of atten-
tion, and tha they provide a basis
for situaed undestanding neded
for collabordive action/interaction.

Available resources
More information about pultica-

tions and =ailale softwae can be
obtained from theCoSy vebsite
wwwcognitivesystensorg CoSy
adopts an Ope Souce softwae
policy Demonstrdion videos ofthe
systen are availale from thewebsite
wwwdfki.de’cosy/www/me dia.
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