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Abstract

In recent years, practical use of autonomous robot is expected in several fields such
as communication, space search, and replacement of sevier human works. On the other
hand, robot engneer have some difficulty or inability to design effective control rule for
such autonomous robots, because of the unpredictability of environments.

So, in this paper, we investigated a learning system based on such robot’s require-
ments, emergence of effective behavior, adaptation to various emvironments, and im-
mediacy of learning. In conventional reinforcement learning system, it is difficult to
fullfill these three requirements, because they require division of state space, transla-
tion of input signal, or determination of network topology by every environment or
every task. On the other hand, for conventional systems based on genetic algorithms,
online realtime calculation is difficult. Therefore, in this paper, we proposed a novel
framework Self-Organizing Network Elements (SONE) as a solution of these problems.
This SONE is a online realtime network structural learning system, which is based on
reinforcement signal propagation method.

We introduced tracking problem and two-spiral problem so as to examine the ability
of generalization, incremental learning, temporal sequence learning, and etc. In these
examinations, we could confirmed all of these ablities. From these experiments and
collision avoidance experiment with a mobile robot, effectiveness of SONE was con-
firmed against initial three robot’s requirements. Also, more effective composition of
SONE was revailed by the enhancement of elemnt’s noise resistance.

This SONE realizes general purose learning system by its composition. So, the
possibility of it’s application is open and not limited to the field of robotics. Also,
SONE is related to many other fields (i.e. reinforcement learning, genetic algorithms,

neural networks, boosting, multiagent).
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0 2.1 Reinforcement signal propagation rule for or-node

Casel: (Y=T)N(X(k)=F)

Case2: Y

Ri(k) = R/N, Ry(k) = R/N

Case3: (Y=T)AN(Nr=1)AN(X(k)=T)
Ri(k) = R, Ry(k) = R

Cased: (Y=T)ANNr#DANR>0)AN(X(k)=T)
Ri(k) = =R x (Nr —2)/N,Ry(k) =0

Caseb5: (Y=T)ANNp#ALD)AN(R>0)N(X(k)=T)
Ri(k) = R x Npr/N,Ry(k) =0

0 2.2 Reinforcement signal propagation rule for non-inverted link

Casel: (R>0)A(Yr=Y)
Rr=0

Case2: (R>0)AN(Yr#Y)
Reconstructing TL2

Case3: (R<O)A(Yr=Y)

Ry =Ry
Cased: (R<O)AN(Yr#Y)
Ry =—-FRy
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O 2.3 Calculation direction of the list
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0 2.4 Equal distribution
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F T T |T]| -1 0 —-1/2 | —=1/2
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00 2.5 Concentlate distribution
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2. Examination and application
of test link

1. Reinforcement signal
propagation
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1. Reinforcement signal
Propagation
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2. Examination and application
of test node

(b) Non-inverted link
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O 5.1 Correctness ratio
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