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To efficiently interact with another agent in solving a mutual task a robot
should be endowed with cognitive skills like memory, decision making, action
understanding and prediction. We propose a control architecture which is
strongly inspired by our current understanding of the processing principles and
the neuronal circuitry underlying these functionalities in the primate brain. As a
mathematical framework we use a coupled system of dynamic neural fields, each
representing the basic functionality of neuronal populations in different brain
areas. It implements goal-directed behaviour in joint action as a continuous
process that builds on the interpretation of observed movements in terms of the
partner's action goal. The control architecture is here validated in a task in which
two mobile robots have first to search for objects in a cluttered environment and e
subsequently transport them to a common construction place. . 5 ﬂi‘ n
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Focus on this Poster = First, the robots have to search, select
and transport particular objects to the
construction area

= Then, the robots have to assemble a
robot platform.

= Robots have no prior knowledge of the
environment

= Workspace is cluttered with obstacles

= No explicit communication
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PreMC
Goal-directed sequence Neural activation in each layer u(f) ( i= STS, WM, Goal) evolves
continuously in time as a field dynamics:
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architecture consists of several
interconnected layers which

represent the basic functionality of specification
neural populations

i=STS, WM, Goal
graded information

absence of information

Layer STS (Superior Temporal Sulcus):
Visual description of the motion displayed by the partner robot
PFC (Prefrontal cortex):
- Working Memory (WM) layer: Information about objects (e.g. location, properties)
- Goal Layer: Internal goal representation guides forthcoming action sequence
PreMC (Premotor cortex): Goal directed action sequence
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Joint search: Prediction and
anticipation based on initial estimate

Joint search: importance
of Working Memory
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The importance of working memory is illustrated. Snapshots at different
points in time show the activity (red line) of the three dynamic fields STS,
WM and Goal together with the input (pink line) in the control architecture of
robot R1. At time t,, R1 can see both T1 and T2 (targets) and their location
is represented in WM and selects T2 (goal layer) which is nearer. At t, object
T1 becomes out of sight. Nevertheless its position is still represented in WM
by a peak of activation (although decreased). The moving pulse in STS
representing the motion of the partner robot end up inhibiting the decision
to move toward object T2 (time t1 to t2) and a switch in the decision arises.
R1 moves now toward the occluded object (t3 to t5) while R2 maintains the
decision to grasp object T2. From t, to t, both robots move to the
construction area.
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partner robot even when it is hidden from view (occluder paradigm), is
illustrated. Initially robot R1 moves toward T1 as represented in the
Goal layer. From t1 to t2 robot R2 that is also moving toward object T1
disappears behind a wall. The peak of activation is STS persists. This
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self-stabilized wave representing motion of the partner (although
hidden) ends up inhibiting the decision to grasp object T1 and the robot
R1 switches its decision to object T2 (represented by a peak of
activation in the Goal field centred at the direction of T2 at time t2.
After picking the objects both robots bring them to construction area.
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