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Advancing the science of cognitive architectures 

What ma kes a cognitiv e system un -
der sta nd? 

V i si o n  
The goal of the CoSy integrated 
project is to advance the science of 
cognitive architectures for cognitive 
systems. We want to investigate the 
requirements and design options for archi-
tectures that not only make it possi-
ble for a robot to act in an environ-
ment, but actually enable it to un-
derstand what it is doing and why, 
and use that understanding to inter-
act with humans and the environ-
ment in meaningful ways. We see 
this need for understanding as one of 
the major challenges for achieving 
the visionary FP6 objective. Without 
understanding, a cognitive system is 
unlikely to achieve human-like per-
formance in a ßexible, adaptive, and 
interactive way.   
The CoSy project provides a highly 
interdisciplinary research platform 
for addressing this goal. The part-
ners contribute state-of-the-art ex-
pertise in artiÞcial intelligence, ro-
botics, philosophy, cognitive vision, 
experimental psychology, and natu-
ral language processing. Through 
integration across these disciplines 
the CoSy project will overcome the 
scientiÞc fragmentation that has 
prevented ArtiÞcial Intelligence and 
Cognitive Systems to make progress 
towards an understanding of com-
plete cognitive systems.   

A p p r o ach  
The CoSy project establishes a view 
on understanding which is inher-
ently based on an integration of  

experience and knowledge across 
sensorimotoric and cognitive mo-
dalities. To investigate how this view 
can provide the basis for a cognitive 
architecture for a highly competent 
robot, we pursue two types of objec-
tives: Theory objectives, which focus 
on advancing the science of a prin-
cipled design of artiÞcial cognitive 
systems, and implementation objec-
tives, which turn the scientiÞc in-
sights into increasingly sophisticated 
experimental platforms. The imple-
mentation objectives provide focused 
settings for exploring the theory ob-
jectives.   

Theory objectiv es 
The CoSy project aims to produce a 
body of theory that helps us to un-
derstand how artiÞcial cognitive 
systems can be designed in a princi-
pled way. Particularly, we want to 
address the problems involved in 
understanding: How can a cognitive 
system acquire, and then form, an 
understanding of the situation it 
Þnds itself  in, through self-motivated 
or human-assisted exploration? And 
how can it understand its own rela-
tion to that environment and other 
agents therein? To arrive at a theory 
of designing such systems, we adopt a 
requirements-based methodology. 
We want to show how investigating 
the underlying problems gives rise to 
requirements for meeting these 
problems, design options for imple-
menting the requirements, and in-
sights in how design decisions may 

COSY / EU COGNITIVE SYSTEMS UNIT ! SPRING 2006

COSY: COGNITIVE SYSTEMS FOR COGNITIVE ASSISTANTS! www.cognitivesystems.org

Coor dinator

Kung l T ekniska Hšgsk ola n
Henrik I. Christensen
hic@kth.se

http://www.cognitivesystems.org

Pr oject pa r tner s

Kung l T ekniska Hšgsk ola n
Henrik I. Christensen
Patric Jensfelt

DFKI
Geert-Jan M. Kruijff
Hans Uszkoreit

Univ er sity of  Birmingha m
Aaron Sloman
Jeremy Wyatt

TU Da rmstadt
Bernt Schiele

Univ er sity of  Ljub lja na
Ales Leonardis
Danijel Skocaj

CNRS / LPE
Kevin OÕRegan
David Philipona

Alber t-Ludwigs-
Univ er sitŠt Fr eibur g
Wolfram Burgard
Bernard Nebel

Data

Duration: Sept. 2004-Sept.2008
Funding: 6.2M" (Integr. Project)



affect the systemÕs abilities for under-
standing, positively and negatively. 
The resulting theory will consider 
the design of artiÞcial cognitive sys-
tems at different levels of abstrac-
tion, regarding forms of architec-
tures, representations, declarative 
and procedural knowledge, reason-
ing, and the varieties of mechanisms 
we need to relate content across dif-
ferent modalities. The CoSy project 
draws here on the expertise of the 
individual partners to develop sub-
theories for different cognitive sub-
processes, and the various forms of 
representation and knowledge they 
may need. Theory construction 
builds on empirical results in related 
disciplines (e.g. psychology and lin-
guistics) and achievements in com-
puter science, software engineering 
and artiÞcial intelligence (including 
robotics).

Implementation objectiv es 
The CoSy implementation objec-
tives aim to provide experimental 
platforms that help meet our vision 
of investigating artiÞcial cognitive 
systems that understand. CoSy pro-
duces well-documented implementa-
tions of a succession of increasingly 
sophisticated working systems. These 
systems demonstrate applications of 
parts of the theory in three scenar-
ios: Object manipulation, spatial explora-
tion, and self-understanding (Òthe Phi-
losopherÓ).  In each of these scenar-
ios the robot is capable of perform-
ing a diverse collection of tasks in 
various challenging scenarios, com-
bining vision and other forms of 
perception, learning, reasoning, 
communication and goal formation. 
Initially two main kinds of robots 
are investigated, both of which learn 
from and interact with a human. In 
spatial exploration, we investigate how 
a robot can acquire a sense of space 
in terms of what it can do where, 
how - and why.  In object manipulation, 
we study how a robot can learn how 
it can manipulate structured objects 
on a table top. Challenging to both 
scenarios is what kinds of under-

standing the robot requires so that it 
can meaningfully act and interact: 
The robot needs to acquire such a 
sense of space, or sense of manipu-
lation, so that it can form a common 
basis for understanding between 
itself  and a human. 
Common questions to all scenarios 
are where to draw the nature/
nurture boundary, between what is 
designed in initially and what arises 
through learning and development; 
and how to integrate different forms 
of representations needed to form 
an understanding of the situation. 

A ch i evem en t s t o  d at e
During the Þrst year of the project 
we performed initial investigations 
into the nature/n urture issue, and 
into requirements for associating 
different levels of content descrip-
tion across various cognitive and 
perceptual modalities. We have de-
veloped an initial platform on which 
these issues can be investigated in 
practical settings for spatial explora-
tion, and for object manipulation. 
The resulting system is capable of 
interacting with a human user, to 
communicate about various aspects 
of spatial organization in the envi-
ronment. In spatial exploration, the 
robot learns more about where dif-
ferent types of rooms are in an in-
door environment, through interac-

tion with a human who guides the 
robot around. In object manipula-
tion, the robot and the human can 
talk about the spatial organization of 
various visually identiÞable objects 
in a natural table-top scene.  

Pr o gr ess
Currently, CoSy makes progress 
towards cross-modal representations 
that combine information from dif-
ferent sensorimotoric modalities. 
These representations should pro-
vide a basic level for understanding 
where what could be done, and how. 
Understanding is more than just 
perceptual grounding: It crucially 
involves prediction of the possible 
effects of actions to see whether a 
situation would support an action. 
More speciÞcally, we aim to:  
!  acquire models of situated under-
standing at different levels of granu-
larity, using hierarchical models of 
visual objects and environments.
!  investigate acquisition as a mix-
ture of self-initiated exploration, and 
human-assisted learning, starting 
from cross-modal primitives for the 
construction of category systems 
within and across modalities.
!  focus in object manipulation on 
learning how to interact with objects 
and complex structures, and in spa-
tial exploration on learning the 3-
dimensional functional structure of 
an environment.
!  ensure that in the resulting archi-
tecture, sensorimotoric modalities 
and language are connected so that 
we can investigate the roles of atten-
tion, and that they provide a basis 
for situated understanding needed 
for collaborative action/interaction. 

A v ai l ab l e r eso u r ces
More information about publica-
tions and available software can be 
obtained from the CoSy website 
www.cognitivesystems.org. CoSy 

adopts an Open Source software 
policy. Demonstration videos of the 
system are available from the website

www.dfki.de/cosy/www/media. 
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