From Sensorimotor Control towards Cognition
Research Statement — Malte Schilling

Research Statement
My scientific interest is to understand basic principles of
cognitive systems—which means in the broad sense to
understand how humans think or what constitutes human
intelligence. While this quite general question was driving me
in the beginning of my main study period, today the focus
shifted away from a human intelligence notion towards the
underlying principles which are responsible for qualitative
differences in behaviour and especially in the way behaviour becomes adaptive. I approach this question
through the implementation of a minimal cognitive system which should allow for planning, creativity,
motivation, but of course should include action and perception.
The approach integrates findings from diverse scientific disciplines. Therefore, I work in an interdisciplinary
environment, cooperating with researchers from different areas and having a broad interest and a strong
background knowledge in connected areas as Cognitive Science, Biology and Computer Science.

Towards Cognitive Systems
A central aspect of cognition is the notion of Internal Representation, i.e. the acquisition of internal models
of ourselves and the environment as well as the application of these internal models in reasoning. Three
crucial questions shall be addressed by my approach. First, how can meaning be captured by an internal
representation? Higher-level representations have to be grounded, therefore I follow a bottom-up approach in which higher-level internal models emerge from the lower-level procedural memories organising
the behaviour of a behaving system (a biologically-inspired control model for an insect-like robot).
The next central question concerns how internal models can be flexibly used in order to allow for planning
ahead, i.e. how predictive capabilities of the models
can be exploited through estimating consequences of
actions before actually performing them.
This approach leads to the emergence of a conceptual
space in a bottom-up fashion. But communication
seems to be important in the way the human conceptual system is shaped. Most information is acquired
using language and this poses the last question, how
communication can drive the formation of concepts
from the top?
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Grounding of Internal Models
Cognition relies on the flexible use of internal representations in planning and reasoning. While I studied
Computer Science, I worked on multimodal knowledge representations in the working group of Prof.
Wachsmuth (University of Bielefeld) and how they can serve communication in a virtual construction task.
The work on action semantics leads to the question of Symbol Grounding.
From my point of view, it is important that representations have to be embodied and situated. This means
that the question of Symbol Grounding can not be sufficiently answered only on an abstract level. Instead,
internal models must serve a function for the system first. As a consequence, during my time as a PhD
student, I concentrated on how internal representations may have coevolved in the context of behaviours
of autonomous systems. I approached this work in the group of Prof. Cruse (Biol. Cybernetics) where we
developed a biologically-inspired control system for a stick insect-like walker and implemented it on a robot. Already the behaviour of this simple system relies on internal models, e.g. in targeted movements
when reaching over a gap the relation between points in space and joint actuation has to be established.
Schilling, M., Cruse, H. and Arena, P. (2007). "Hexapod walking: an expansion to walknet dealing with leg amputations and force
oscillations". Biological Cybernetics, 96(3), pages 323-340.

Internal Simulation: Recruitment of internal Models
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Schilling, M. (2011), "Universally manipulable body models – dual quaternion representations in layered and dynamic MMCs",
Autonomous Robots, Vol. 30(4); pages 399-425.
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Cognitive functions may have developed exploiting abilities of internal models originally used for motor
control. In the bottom-up approach, we extended the internal models towards a hierarchical predictive
body model which has been implemented as a Neural Network. This model can, on the one hand, still
serve the lower-level behaviours. On the other hand, it can be used decoupled from the body as a simulator. Possible adaptations of a behaviour are not directly carried out in reality, but via an internal simulation
using the internal model. The consequences of an
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Communication: Driving Concept Formation
Language—as used by humans—enables us to efficiently communicate high-level knowledge. How can
such high-level knowledge be incorporated into existing grounded knowledge in a top-down fashion?
And how does communication as a cognitive tool influence conceptualisation and in this way help
establishing shared conceptual spaces?
Understanding language about actions recruits the involved lower level action
representations and is assumed to invoke internal simulations. Currently, we are
extending our system in this direction and are going to use the existing internal
simulation loop in a cooperative scenario. Actions are central for our system as
they are grounding the internal representations. While cooperation can lead to
benefits for all participants, it usually presupposes some form of coordination. In a
first step, a simple form of communication can align cooperative behaviour. Action
is altered by "language" and gets coordinated. This is one goal of the project: I
want to come up with a behaving agent which gets around in his environment, but
which also is able to learn and adapt its behaviour to new challenges, like crossing
a large gap or losing a leg. The walker is extended towards a system that can find
Schilling, M. and Cruse, H. (2008). "The evolution of cognition – from first order to second order embodiment". In I. Wachsmuth & G.
Knoblich (Eds.), Modeling Communication with Robots and Virtual Humans (pages 77-108). Berlin: Springer.

new solutions through planning ahead and should be able to carry out spoken commands or hints on how
to deal with a given a problem. As language is inherently underspecified this requires that understanding
the language has to be tightly coupled into the process of internal simulation, in order to come up with the
set of missing parameters. Currently, I develop the underlying interconnected representation system
together with the ICSI Berkeley (Prof. Narayanan). The result of the project shall be an embodied
communicator realised on the hexapod robot Hector. The robot shall be able to solve a complex task
through coming up with a simple behavioural plan (exploiting the simulation semantics), filling in missing
details, asking for additional information or engaging in dialogue.
But besides coordinating event structure, embedding more information seems clearly advantageous. This
presupposes a shared conceptualisation. "Language" provides here a powerful learning tool, helping to
align higher-level conceptual systems in a population. Only later-on language is used to alter our thoughts
or express complex and abstract knowledge. Language can be used as a tool driving conceptualisation
(as found in categorical perception). In cooperation with the Sony Computer Science Laboratory Paris
(Prof. Steels) we want to analyse how in a population of agents a shared multimodal conceptual space
can emerge through the agents participating in simple interactions (Language Games).
In the long run, the resulting system will offer an ideal tool to research bottom-up and top-down influences
between language, higher-level conceptual representations and embodied representations of behaviour.
On the one hand, it provides a means to examine how grounded internal models can lead to abstract
representations and how these higher-level representations can be used for high-level reasoning and for
communication. On the other hand, the system allows us to analyse how language influences our
cognitive abilities, guides cognitive behaviour and is used to mediate cooperative solutions or how
reasoning might be applied for cognitive problem solving.
Schilling, M. (in press). Learning by seeing—associative learning of visual features through mental simulation of observed action.
Proceedings of the European Conference on Artificial Life 2011, Paris, France.
Schilling, M. and Cruse, H. (submitted), "Cognition as recruitment of reactive systems".
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