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In recent years, with the advancement of machine learning and robotics technologies,
research on automation and autonomous execution of chemical and physical property
experiments has made significant progress. The experimental process in chemistry and physical
property studies consists of a recursive self-improvement cycle: sample synthesis and
preparation, measurement and characterization, and data analysis. Based on the analysis results,
subsequent hypotheses, and experimental conditions are determined for the next iteration. To
achieve autonomy in this process, automating all these steps while establishing mechanisms
for autonomous decision-making is essential. Currently, laboratory automation has been
implemented only in limited methodologies, leaving substantial room for research and
development in the autonomous execution of experimental processes. Our research group is
developing compact autonomous experimental systems to achieve automation and autonomy
in chemistry and physical property experiments. We have successfully implemented sample
preparation for synthesis and measurements using human-collaborative robots and Al, enabling
precise control of chemical reaction pathways and experimental conditions that would be
challenging for human operators.

Furthermore, we have developed a powder X-ray diffraction system that autonomously
performs all processes, from sample preparation to measurements and data analysis
optimization without human intervention. These compact autonomous systems enhance
efficiency through automation and enable previously infeasible experiments, complex
condition optimization, and novel discoveries through automated data analysis. This
presentation will address current challenges in autonomous chemical and physical property
experiments and discuss future perspectives.
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