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Advancing Robotic Systems to Explore and Sustain Life Beyond Earth

Recent technological progress is transforming the scope of human and robotic exploration, enabling sustained
missions to the low-Earth orbit, Moon, Mars, and other deep-space targets. In these distant and extreme environments,
robotic systems play a crucial role throughout the mission lifecycle—ranging from early reconnaissance and mapping
to autonomous infrastructure deployment and long-duration operations. Their ability to function in environments that
are physically inaccessible or hazardous for humans makes them essential for advancing science, enabling
infrastructure, and reducing mission risk. At the Space Robotics Laboratory, Tohoku University, my research focuses
on the development of intelligent, modular, and heterogeneous robotic systems tailored for planetary surface
exploration, autonomous assembly tasks, and scalable operations. A core component of my work involves leaming-
based algorithms that allow robots to adapt their locomotion and manipulation strategies in response to real-time
environmental inputs. I design multi-agent coordination frameworks capable of distributed sensing, cooperative
planning, and task allocation, with particular emphasis on communication efficiency and fault-tolerant decision-
making in bandwidth-constrained scenarios. Our ongoing work also includes building high-fidelity realistic
lation envirc ts and hardware-in-the-loop testing pipelines to close the gap between software development
and real-world deployment.
Additionally, I lead efforts to de»elop mmpad robotic platforms suited for conducting rmcrograwty experiments. We
have demonstrated these sy in y sites, validating their robustness in mobility, cooperative
operation, and terrain-adaptive deployment
This work advances not only space exploration objectives but also contributes towards terrestrial use cases such as
disaster response, mine surveying, and inspection in hazardous environments.
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