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Compact Autonomous Robotic Experimental System ('Graduate School of Engineering,
Osaka University) OKanta Ono'

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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1) Force-controlled robotic mechanochemical synthesis. Yusaku Nakajima, Kai Kawasaki, Yasuo
Takeichi, Masashi Hamaya, Yoshitaka Ushiku and Kanta Ono, Digital Discovery 2024, 3, 2130.

2) Autonomous robotic experimentation system for powder X-ray diffraction, Yuto Yotsumoto, Yusaku
Nakajima, Ryusei Takamoto, Yasuo Takeichi and Kanta Ono, Digital Discovery 2024, 3, 2523
(2024).
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Trans-Scale Scope AMATERAS and Automation Technology Pioneering Large-Scale Cellular
Statistics (‘nstitute for Open and Transdisciplinary Research Initiatives, Osaka University,
2SANKEN, Osaka University, *Graduate School of Pharmaceutical Sciences, Osaka University,
*Research Institute for Electronic Science, Hokkaido University) O Taro Ichimura,' Taishi
Kakizuka,'? Shunichi Fukushima,? Hitoshi Hashimoto,'* Takeharu Nagail’z’4

Optical imaging has played a crucial role in life sciences for centuries, especially in fields
like cell biology, developmental biology, and neuroscience. To bridge cellular to tissue and
organism scales, researchers developed "AMATERAS," a trans-scale optical imaging system.
It combines a wide field of view for system-level analysis and high spatial resolution to observe
individual cell dynamics, enabling the study of multicellular systems. To address challenges in
scalability and reproducibility, the team integrated automated cell culture using robots and big
data analysis with AMATERAS, creating a system capable of continuous, efficient experiments.
Applications include long-term observation of stem cell differentiation for regenerative
medicine.

Keywords : Optical imaging, Trans-scale imaging, Large scale cellular statistics, Lab
automation
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1) Exploring rare cellular activity in more than one million cells by a transscale scope. T. Ichimura, T.
Kakizuka, K. Horikawa, K. Seiriki, A. Kasai, H. Hashimoto, K. Fujita, T. M. Watanabe, T. Nagai,
Sci. Rep. 2021, 11, 16539.

2) Volumetric trans-scale imaging of massive quantity of heterogeneous cell populations in centimeter-
wide tissue and embryo. T. Ichimura, T. Kakizuka, Y. Taniguchi, S. Ejima, Y. Sato, K. Itano, K.
Seiriki, H. Hashimoto, H. Itoga, S. Onami, T. Nagai, eLife 2024, doi:10.7554/elife.93633.1.

3) Mesoscale heterogeneity is a critical determinant for spiral pattern formation in developing social
amoeba. T. Kakizuka, H. Nakaoka, Y. Hara, Y. Ohta, A. Mukai, A. Ichiraku, Y. Arai, H. Itoga, S.
Onami, T. Ichimura, T. Nagai, K. Horikawa, Sci. Rep. 2025, 15, 1422.

4) Strength in numbers: Unleashing the potential of trans-scale scope AMATERAS for massive cell
quantification. T. Ichimura, T. Kakizuka, Y. Sato, Y. Fujioka, Y. Ohba, K. Horikawa, T. Nagai,
Biophysics and Physicobiology 21, 2024, 21, e211017.
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Measurement data management in automated laboratory (‘Randeft Inc) Kotaro Saito'

For over 20 years, spreadsheet software has been commonly used to visualize, analyze, and
manage all types of scientific data, thanks to PCs coming with pre-installed business software
packages. While storage has moved from local hard drives to SSDs and cloud storage as
technology improved, many labs still rely on their "measurement_summary.xIsx" files, which
researchers create by copying and pasting data across different sheets. Lab automation is
becoming increasingly popular in materials science, and it will greatly accelerate measurement
data generation. This means we'll need better ways to visualize, analyze, and manage data
beyond these traditional Excel files. In this talk, I'll discuss the new ways of thinking needed
to handle this sudden shift to lab automation in materials science, where data management has
stayed largely unchanged, stuck at the level of individual researchers manually managing their

data.
Keywords : Lab Automation; Research Data Management
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Research Efficiency in the Era of Generative Al: Case Studies and Future Prospects ('fitku,
Inc.)ORyota Yamada'

The development of generative Al particularly Large Language Models (LLMs), is bringing
revolutionary changes to operational efficiency across various domains. While traditional deep
learning primarily focused on structured data, demonstrating high performance in specific
domains such as image recognition and time-series data analysis, LLMs can flexibly process
unstructured data in natural language. As a result, their applications have expanded
dramatically across all areas of knowledge work, including education, healthcare, and legal
services.

The impact of LLMs is also significant in research fields. The Al Agent research published
by Sakana Al in August 2024Y, which automates machine learning research from experimental
planning to code generation, result analysis, and paper writing, has further raised expectations
for the automation of science. Additionally, Vision Language Models (VLMs) and Multi-Modal
LLMs (MM-LLMs) are beginning to be used in real-world applications, opening up
possibilities for integrated handling of various media, including text, images, and audio. This
enables more comprehensive research support, including research data analysis, visualization
of experimental results, and understanding figures and tables in academic papers.

Since our company's founding in 2018, we have been working on information extraction
from academic papers to improve research efficiency. Initially, we focused on extracting crucial
information such as research methods and experimental results from papers using conventional
natural language processing techniques. Currently, by utilizing LLMs, we have expanded our
scope to handle diverse formats beyond papers, including technical documents and web pages,
and extended our analysis capabilities to include images and videos. This technological
innovation allows researchers to process vast amounts of academic information more
efficiently, enabling them to focus on discovering new insights and determining research
directions.

In this presentation, we will discuss specific methods for utilizing Al in research activities
while introducing our company's initiatives and related previous research. In particular, we will
demonstrate practical examples of research efficiency improvement using LLMs, consider the
possibilities and challenges brought by future technological developments, and discuss the
future prospects of research DX.

Keywords : Al for Science, Al-driven Science, LLM, Generative Al
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1) The AI Scientist: Towards Fully Automated Open-End Scientific Discovery, C. Lu, C. Lu, R. T. Lange,
J. Foerster, J. Clune, D. Ha, arXiv 2408.06292.
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