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Emergence Possibility of Oscillator in a Recurrent Neural Network through
Reinforcement Learning

xYusuke Shinaya, Katsunari Shibata ,Oita University

Abstract— It can be expected in a robot or agent that necessary functions emerge in a neural network
through learning of action by reinforcement learning. Especially in recent years, in a dynamic environment,
emergence of functions utilizing dynamics in a recurrent neural network has been expected. In this paper,
emergence of oscillator as one of the typical dynamics is forcused on, and it is examined whether or not an
oscillator emerges through learning of rythmic motion. A recurrent neural network learned periodic motion
for forward-rotation in a piston-driven wheel by reinforcement learning with a reward given around a desired
rotational speed. The system learned to roatate the wheel almost as desired. It was also confirmed that
an oscillator emerged in the recurrent neural network by observing the wheel rotation after cutting off the
inputs. The rotational speed was larger as the desired speed during learning was larger.

Key Words: reinforcement learning, recurrent neural network, oscillator
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Fig. 1: Piston-driven wheel system and a RNN
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Table 1: Task Parameter setting

[ Wheel radius [ 1.0m ]
l Inertia moment [ [ 0.2 kgm? ‘
[ Kinematic viscosity coefficient D | 0.01 Ns ]
[ Discount factor « [ 0.9 ]
[ Cofficient for actor learning o | 0.9 ]

Range of exploration rndy, rnd,
-1.0~1.0 — -0.1~0.1
Number of neurons in each layer
(Input)-120-50-30-20-3(Output)
[ Value range of sigmoid function | -0.5~0.5 ]
[ Traced-back time in BPTT [ 30 ]
Inital connection weight

input-hiddenl, hiddenl-hidden2 | -0.1~0.1,-0.1~0.1
hidden2-hidden3, hidden3-output -0.1~0.1,0.0
self-feedback, other-feedback -0.1~0.1
Learning rate
For feedback connections 0.1
For other connections 0.1
[ At /T [ 1.0/3.0 ]
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Fig. 3: System behavior in the test phase (desired
rotation speed: 15 degree/s)
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rotation speed: 20 degree/s)
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Fig. 5: Actor outputs and rotation when the inputs
were cut off (desired rotation speed: 15 degree/s)
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