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Trends of Al for Science (Center for Research and Development Strategy, Japan Science and
Technology Agency (JST)) Sho Ozaki

With the advancement of Al technology, the spread of high-performance computing
resources, and the openness of research data, efforts to utilize advanced Al technology in
scientific research in various fields are progressing, referred to as Al for Science. As the use of
Al in scientific research progresses, efforts are also progressing to automate part or all of
experiments in scientific research by combining Al and robots. Efforts have also begun to
automate not only experiments but the entire scientific research process using Al. Technology
to automate the scientific research process can be said to be an extremely important trend that
could become a new paradigm in scientific research. This technology could be a source of hope
for Japan, which is facing a decline in research capabilities that cannot be considered separately
from the serious problem of population decline, so in this article we will introduce the trends
in Al for Science.

Keywords : Al for Science, Laboratory Automation
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Humanoid Robots in Real-World Laboratories

(‘RIKEN, *Institute of Science Tokyo) OGenki Kanda'?
Keywords: Laboratory Automation; Dual-arm Robot; Regenerative Medicine

The integration of biotechnology and IT has catalyzed significant advancements in life
sciences, yet major challenges remain unresolved. For instance, experimental data often
lacks reproducibility. Modern technologies have facilitated large-scale and high-throughput
experiments, yet they have concurrently escalated the demand for labor-intensive, repetitive
tasks, consuming valuable human resources. High biosafety-level experiments necessitate
costly preventative measures to protect researchers from hazardous reagents. Furthermore,
laboratory resources are rarely fully utilized, leading to daily surpluses of resources,
including expensive instruments and laboratory spaces. To address and mitigate these issues,
we have developed the humanoid robot Maholo LabDroid [1]. It stands as a prime solution
for transitioning towards laboratory automation. Maholo is programmed to perform a
variety of life science experiments using standard laboratory instruments, eliminating the
need for specialized equipment. The current paradigm of laboratory automation largely
involves 'Robotizing,' or simply replacing human tasks with robots. However, our approach,
'Robotalizing,' leverages robots and Al to create new value in life sciences. We have
successfully developed several applications in the field of regenerative medicine: an
autonomous culture system combining Maholo with Al [2], an autonomous experimentation
system integrating Maholo with optimization Al [3], and a robotic cell processing facility
for clinical use [4]. These developments have successfully led to the Robotalization of the
entire spectrum from basic to clinical research in cell culture. In this presentation, we aim to
introduce these initiatives and discuss the future of life sciences driven by robots and Al

[1] Yachie et al, Robotic crowd biology with Maholo LabDroids. Nature Biotechnology (2017)

[2] Ochiai and Motozawa et al, A variable scheduling maintenance culture platform for mammalian
cells. SLAS Technology (2020)

[3] Kanda and Tsuzuki et al, Robotic search for optimal cell culture in regenerative medicine. eLife
(2022)

[4] Terada et al, Robotic cell processing facility for clinical research of retinal cell therapy. SLAS
Technology (2023)
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Laboratory Automation and Digital Transformation in Chemistry and Materials Science
Research
(Department of Chemistry, The University of Tokyo) ORyota Shimizu'

The landscape of materials exploration is rapidly expanding to meet the social demand for
functional materials. Autonomous materials research, using Al-based decision-making with
automated synthesis and measurements carried out by robots, presents a promising avenue.
Recently, significant progress has been made in the development of solid-state systems,
alongside conventional liquid systems where materials are more easily handled. Here, we
present our recent research on the autonomous synthesis of functional inorganic oxide thin
films. Through iterative operations of automated thin film deposition (utilizing robots),
measurement of electronic/ionic conductivity (also performed by robots), and the application
of Bayesian optimization (Al) for decision-making, we autonomously study chemistry and
materials science, achieving a tenfold increase in throughput. Additionally, I will discuss future
perspectives regarding the introduction of combinatorial technology and a materials
exploration system integrated with various measurement instruments.

Keywords : Autonomous experiments; Inorganic materials; Combinatorial synthesis
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1) R. Shimizu et al., APL Mater. 8, 111110 (2020).
2) S. Kobayashi, R. Shimizu ef al., ACS Mater. Lett. 5, 2711 (2023).
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