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System Abstraction and Interactive Control Design Based on Element Description Method

Thesis Summary

In recent years, due to the decrease in the working population, further labor saving is required in the
manufacturing site. Especially, adjustments based on skills and knowledge of experienced workers have
been made for the automatic machinery that achieves factory automation. Therefore, for further labor
saving, it is necessary to attain machinery intelligent and adjustments themselves. As a method to
achieve machine intelligence, machine learning technologies utilizing big data have attracted attention,
and various visions including Industry 4.0 are being proposed. Currently, a neural-network-based
method, which is mainstream as the machine learning technology, can generate a desired calculator
from the input/output data, so there is a possibility that human knowledge can be substituted. However,
there is a problem that the calculation process is black boxed, and there is a risk that human beings
cannot follow the thinking of the machine. On the contrary, a model-based optimization method has a
clear calculation process, but the model is restricted at the stage when the model is decided by a
human. Hence, if the human chooses a model incorrectly, accuracy deteriorates. Therefore, in this
thesis, an “element description method (EDM)” which requires no model selection beforehand, is
proposed. Thus it is possible to understand the calculation process of the result obtained in advance.

Chapter 1 describes the purpose and background of this research.

Chapter 2 explains the basic principle of the EDM. The EDM can achieve both abundant
expressiveness like a neural network and readability of results like a model-based method. By learning
hierarchically, it is possible to extract from the dominant models in that system in order. Therefore,
system abstraction can be achieved by ending learning when a sufficient model is derived. As an
example, a friction-system abstraction and compensator design are conducted.

Chapter 3 proposes an interactive controller design using the EDM. Based on the abstracted result by
the EDM, the designer gives new conditions and obtains the next learning by the EDM. As a result, the
machine proposes a new model from human knowledge, and human give new suggestions to the
machine from the result, interactive machine learning becomes possible. As examples, controller design
for a multi-mass resonant system and time-delay system are performed using the EDM.

In Chapter 4, the EDM is applied to a command-value generation for control. By giving the purpose
and constraint condition of the system, it is confirmed that the command value is generated based on it.
In addition, a method for generating spatiotemporal spline using clothoid curves as a method to
generate smooth command values for automatic machinery is proposed.

Chapter 5 describes a motion-copying system which is one of the effective methods for extracting
human motions. It is difficult to perfectly reproduce the motion if there is a variation in the environmental
position between the storage and reproduction. Therefore, time adaptation control is proposed, and it is
shown that it can reproduce more correctly.

In Chapter 6, experiments are conducted to replace human adjustment expertise with machines by
using an actual machinery. In this research, high-precision powder-filling control is proposed, especially
for powders which are known to be difficult to model.

Chapter 7 summarizes the results of this thesis and presents conclusions with future works.




