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The overall goal of our approach is to understand general cognitive mechanism and to implement those in a 
functional minimal cognitive system. We are starting from a biological inspired hexapod walking control system 
and we extended this system towards a minimal cognitive system. In our understanding Cognition is understood 
following the notion of McFarland and Bösser (1993) as the ability to plan ahead by means of an internal 
simulation (Hesslow, 2002) relying on internal representation (Steels, 2003; Glenberg, 1997) which are grounded 
in embodied experiences (Gallese & Lakoff, 2005). The extension of our system leads towards a control system 
for the six-legged walking robot Hector which allows the robot to deal with novel situation and to plan its 
behavior in advance. Crucial to this approach is, on the one hand, the grounding of internal representation in 
behavior and, on the other hand, the flexible reuse of such embodied internal models in new contexts which is 
realized as a form of internal simulation. Those two assumptions have found broad support in neuroscience and 
psychology over the last years. On the one hand, going back to the findings of Mirror Neurons which highlighted 
that action and perception are —from a representation point of view— more intertwined then thought before 
(e.g. Rizzolatti et al., 2005). On the other hand, reuse and recruitment of sensorimotor models for higher level 
function is nowadays widely acknowledged (Anderson, 2010 and for a review see Jeannerod, 2006).
On the poster, we will present, first, the underlying behavior-based control system, second, how functional 
internal models are grounded in lower level behavior and, third, how this functional internal model of the body 
can be exploited in internal simulation for planning ahead.

1. Embodied control system for a hexapod walking robot
The overall system is based on Walknet, a control framework of a six legged 
walking robot (Schilling et al., 2013a). The overall architecture works in a 
decentralized way in which each leg consists of a single, sensory-driven 
control network (shown in the figure on the right; each rounded box is one 
local controller consisting of a sensory driven control neural network which 
decides over the current state of the network; arrows indicate local 
coordination influences acting between the controllers). Local couplings 
between neighboring legs are sufficient to coordinate the overall walking 
pattern of the robot. The walking pattern emerges out of the interaction 
between the local controllers, the robot's body and the environment. It is an 
embodied system which is able to produce stable and adaptive walking 
without the need of internal representation (Schmitz et al., 2008). The general 
structure is biologically inspired from detailed work on stick insects and their walking 
behavior (Cruse et al., 2009). The overall idea of individual local control clusters has been recently generalized 
towards a general neural network based control framework. Different levels of abstraction are encoded in the 
network and decision between different possible behavioral outcomes are decided in local Winner-Take-All-like 
network clusters (Schilling et al., 2013b). This motivation unit based network has been applied on a walking 
machine and in dynamic simulation.

2. Grounded universal and manipulable body model
Crucial to cognition is the notion of internal representation. The embodied approach lays the foundation for a 
further developed model in a bottom-up fashion. In general, the embodied perspective provides a view on 
grounded internal models (Steels, 2003) that demands such models to be co-developed in the context and 

Cognitive Walking: Recruitment of an Internal Body Model – Schilling & Cruse 1

1, 2, 5

3, 4,
5, 6 

2, 3, 5

2, 5, (3?)

L1

L2

L3

R1

R2

R32, 5, (3?)

1, 2, 5

3, 4,
5, 6 1, 2, 5

3, 4,
5, 6 1, 2, 5

3, 4,
5, 6 

Leg Level Network (Hind Left)

femur tibia�

�

↺
z

x

y leg vector

�

Leg Level Network (Middle Left)

femur tibia�

�

↺
z

x

y leg vector

�

s0

s1

s2

a) b)

front view

l5

l3

l1

l0

l2

d0

l4

d1

s2

s1

s0

leg vector

Body Level Network

top view

Leg Level Network (Front Left)

femur tibia�

�

↺
z

x

y leg vector

�

front view



service for behavior. A recurrent neural network approach was introduced as an internal body model which 
serves different function. First, it can be used in motor control as an inverse kinematic (or dynamic) model. 
Second, it can be applied for sensor fusion.
Third, it is a predictive model. This extended Mean of Multiple Computation (MMC) network model has been 
applied initially for the control of a three segmented arm (Schilling, 2011). It has been further extended towards a  
hierarchical model (shown in the figure; the model consists of two levels: a higher body level and on the lower 
level of detailed function representations of the legs including joint arrangements) that can deal with the complex 
task of controlling the stance movement of the hexapod walking 
robot (Schilling et al., 2012).

3. Recruitment of the internal model in planning ahead
Importantly, the proposed internal model of the own body is 
flexible and predictive. It can be used for multiple function. The 
existing control framework (Schilling et al., 2013b) has been 
extended towards a cognitive expansion. When the robot has 
to deal with a novel problem—e.g. after loosing a leg or when 
pulled into a posture that becomes unstable (shown in the 
figure on the right: when the right hind leg should be lifted, the 
whole system would tumble backwards (a and b))—the system 
can detect the problem through dedicated problem sensors. In 
a next step, the control system tries out different possible behavioral responses using modulations of existing 
behaviors or application of a behavior outside of its original context (c). But as this selection of an untested 
behavior is potentially dangerous and harmful for the system, this is not applied to the real system as such. 
Instead, in an internal simulation loop the body is decoupled from the control system and the internal model is 
used. The internal model produces predictions that allow to decide if the behavior under consideration provides 
a solution and should be applied by the real system (Schilling & Cruse, submitted).
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