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Thesis Summary

Industry 5.0 manufacturing, which has been the focus of much attention in recent years, aims to
realize not only mass production using automated production technology in factories, but also
customized production through the networking of stakeholders. In designing for customized
production, a system that automatically derives a variety of design ideas using machine learning
(ML) is attracting attention to derive design ideas that reflect the diverse needs of users. Although
this system is effective in deriving many design ideas similar to the training data in a short period of
time, it has the problem of deriving mediocre design ideas that follow a large number of similar
data, or inappropriate design ideas that follow false or biased data. Therefore, it is essential for
humans to intervene and co-create appropriately in ML-based design. In this study, using texture as
a design object, we investigate a method of co-creation between ML and humans based on the
Analysis Generation Evaluation (AGE) thinking model, one of the design thinking models, and
develop a texture image generation system that applies the AGE thinking model. The purpose of
this study was to construct a texture image generation system based on the AGE thinking model.

Chapter 1 states the current status and issues of design methods using ML to show the
background and purpose of this study and describes the need for a design system that can derive
design proposals that reflect the diverse needs of users based on an examination.

Chapter 2 describes the trial production of an idea generation support system that selects and
presents text or image information on the design target using ML, and the experiment to verify its
usefulness. The results of the experiment showed that the number of design proposals was high and
the creativity evaluation (fluency, flexibility, originality) was high under the conditions of using ML
and image information, that is, the usefulness of ML and image information was demonstrated.

Chapter 3 describes selected texture images, which are often used to derive design ideas by
referring to image information that has been confirmed to be useful, as the design target, and
discussed the co-creation method between ML and humans in this design process. As a result, we
clarified the advantages and disadvantages of human and ML in each of the following processes:
analysis, which mainly uses inductive and abductive reasoning; generation, which mainly uses
abductive formation; and evaluation, which mainly uses deductive reasoning.

Chapter 4 explains the construction of two texture image generation systems based on the ML
and human co-creation methods presented in Chapter 3, and their application to wood grain texture
design. Both systems model the image features of the texture images (training data) and the sensory
evaluation of the aesthetic value by a large number of users or individual users using multiple
regression analysis or cluster analysis, and then use the training data extracted based on the same
model to generate design proposals using DCGAN. As a result of applying the system to a case
study, the sensory evaluation values of the wood grain texture images generated by both systems
were higher than those of the system that used only ML, indicating the usefulness of a system based
on ML and human co-creation.

Chapter 5 summarizes the findings of the chapters and discusses the results and future prospects

of this research.




