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Acquiring Quazi-Symbolic Expressions by RNNPB
for Human-Robot Collaboration

Taku OHYA
Abstract
Recently, many kinds of humanoid robots are developed, and it is important
for them to collaborate with humans. For human-robot collaboration, it is
necessary to communicate between humans and robots by symbolic languages.
But as well as the problem of ”"symbol grounding”, it is difficult for robots to
express a collaboration task with explicit languages.

For that reason, most of studies about human-robot collaboration by lan-
guages focus on only the finite tasks. Therefore, robots have to acquire the
symbolic expressions of a task for themselves to collaborate with humans by
those expressions in many kinds of tasks.

In this study, we discuss the possibility of a quasi-symbolic interface that
uses the representations robots have acquired through experience. Realization
of the interface enables robots to communicate with humans smoothly and to
perform a collaboration task efficiently.

In this paper, we use the RNNPB model proposed by Tani and utilize its
PB dynamics as quasi-symbolic expressions to communicate with humans. The
RNNPB model has the same architecture as the conventional Jordan-type RNN
(Recurrent Neural Net) model except for the PB nodes in the input layer. The
learning algorithm for the PB vectors is a variant of the BPTT (Back Propa-
gation Through Time) algorithm. The back-propagated errors with respect to
the PB nodes are accumulated and used to update the PB values. As a result,
the PB values express the dynamics from input layer to output layer ”slowly”.
And robots acquire the quasi-symbolic expressions (combinations both 0 and
1) converted from the PB values (between 0.0 and 1.0) by threshold value 0.5.

The target task is moving an object on a table by human-robot collaboration
with each single-handed. Learning data are sensory motor joints at right hand
and head, and position information of the object in the task. The method of
data acquisition is teaching hand-motion directly with human-hand. And the

object is bounded in center line by two colors (blue and red). This enables a
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robot to classify the rotation direction and the pushing position of the object
by color difference.

In an experiment, a robot acquired data of four patterns motions by human
teaching. For comparison, we prepared six RNNPB models which have different
numbers of PB nodes (from one to six), and the robot learned those data with
each of the RNNPB models by BPTT algorithm for one hundred thousands
times.

In the case of one PB node, two motions, A: [pushing the object from near
to distance and head-motion for tracking the object] and B: [other motions],
were acquired as the quasi-symbolic expressions. In the case of two PB nodes,
the motion A was segmented C: [pushing the object from near to distance] and
D: [head-motion for tracking the object], and the motion B was segmented E:
[moving the object from right to left| and F: [changing-motion between A and
BJ].In the case of three PB nodes, the motion C was segmented G and H, and
the motion E was segmented I, J, K, and L. And in the case of from four to
six PB nodes, the most complicated motion F was segmented by degrees. But
other motions were hardly segmented.

Changing numbers of PB nodes revealed that quasi-symbolic expressions
have a hierarchy. And the motion which was segmented according to the num-
ber of PB nodes is unavailable in the collaboration by reason of its difficulty.
Contrary to that motion, the motion which was not segmented according to the
number of PB nodes is available by reason of its simplicity. It follows that find-
ing out the hierarchy is significant to evaluate the reliability and the effectiveness
of acquired symbols. And the hierarchy gives an indication of determining the

number of PB nodes.
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Numbers of *’C

Parameter

-

Available symbol

O

Unavailable symbol .

[Acquired Quazi-Symbolic Expressions]

I : 4 Motion Patterns

D : Pushing Object from Near to Distance
_D_C : N_D by Center Pushing

_D_V : N_D by Vertical Pushing

z2zzZ2>

R L : Pushing Object from Right to Left
R_Rot : Right Rotation

R :R_L and R_Rot

C_M : Change Motion

Head Move : Head Motion for Tracking Object

U22.00000004040n
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