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Gregory Gutmann (Molecular Robotics Research Institute Co., Ltd.), Akihiko Konagaya
(Molecular Robotics Research Institute Co., Ltd.)

" Unlocking Constrained Interactive Molecular Simulation: Harnessing GPU, Cloud, VR, and
AI”

This presentation marks the culmination of a multi-year research endeavor to develop a
Constrained Interactive Molecular Dynamics Simulation environment aimed at uncovering
previously unknown forces that govern molecular structures and interactions. Leveraging this
environment, our team successfully generated a double DNA crossover using an in-house 3D
DNA sequence alignment tool, demonstrating the capacity to discover novel structural
formations.

To enable interactive, human-in-the-loop molecular simulations, we harness a suite of
advanced technologies—GPU acceleration, cloud-based computation, 5G connectivity, HCI
principles, VR immersion, and Al for latency mitigation. As a result, researchers can directly
observe and manipulate large molecular assemblies, gaining deeper insights than static
visualizations allow. We also introduce a scalable VR platform, along with a custom controller
featuring internal tracking for diverse hardware configurations. By increasing capabilities and
lowering barriers to exploration, our system provides a promising avenue for advancing
molecular understanding, fostering scientific collaboration, and supporting micrometer-scale
device design—ultimately transforming the study, simulation, and engineering of complex

molecular dynamics.

Ma Chen (Science Tokyo, Molecular Robotics Research Institute Co., Ltd.), Masayuki
Yamamura (Science Tokyo), Gregory Gutmann (Molecular Robotics Research Institute Co.,
Ltd.), Akihiko Konagaya (Molecular Robotics Research Institute Co., Ltd.)
“Hand Motion Tracking for VR Controllers Using a Single IMU, ToF Sensor, and Deep
Learning”

Virtual Reality (VR) technology has rapidly advanced in recent years, and one of the critical
factors influencing the user experience is the interaction with the VR environment.

Conventional VR controllers, while functional, often fail to provide the level of immersion and



intuitive feedback required for a truly engaging experience. For example, most VR controller
tracking systems rely on multiple external devices—such as base stations (Lighthouse) or
built-in camera arrays—which can be expensive and not universally applicable. To address
these issues and create a low-cost, widely compatible solution, we have designed a VR
controller that uses only one IMU (Inertial Measurement Unit) sensor and one ToF (Time of
Flight) distance sensor. However, IMU-based tracking faces a significant challenge due to
drift from double integration of acceleration data. Even minimal sensor noise can accumulate
into significant positional errors. Existing IMU tracking solutions for foot or body motion
offer some insight, but hand motion is more complex and variable, making it particularly
difficult to track accurately. In addition, real-time constraints limit the data buffer size
available for drift correction. To overcome these issues, we propose a novel VR controller that
incorporates Al algorithms to enhance real-time user interaction, and provide adaptive

feedback based on user behavior and environmental changes.

Han Quihan (Molecular Robotics Research Institute Co., Ltd.), Sae Kishi (Molecular
Robotics Research Institute Co., Ltd.), Gregory Gutmann (Molecular Robotics Research
Institute Co., Ltd.), Akihiko Konagaya (Molecular Robotics Research Institute Co., Ltd.)
“ 3D DNA sequence generator for interactive constrained molecular dynamics simulations”
Designing curved DNA double helix structures is a non-trivial challenge in DNA origami
modeling. Most DNA origami models struggle with the lack of curved DNA double helix
structures, primarily due to the complexity of calculating the helical structure necessary for
base-pair alignment. To address this issue, we have developed a simple yet effective tool called
the 3D DNA Sequence Generator. This tool compiles aligned DNA sequences into
corresponding 3D DNA models for interactive, constraint-based molecular dynamics
simulations. Its effectiveness is demonstrated through successful modeling of circular DNA

double helices, DNA double crossovers, and other structures.
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Zhang Yuhui (Molecular Robotics Research Institute Co., Ltd.), Gregory Gutmann
(Molecular Robotics Research Institute Co., Ltd.), Akihiko Konagaya (Molecular Robotics
Research Institute Co., Ltd.)

“Researcher-friendly VR Molecular Dynamics Viewer: Unity3D Apps for Massive VR
Molecule Rendering”

Modern game engines, such as Unity3D, are often optimized to strike the perfect balance



between raw performance and ease of development. Such design goals make it ideal for a
Molecular Dynamics (MD) research platform with Virtual Reality (VR), where researchers
can easily implement desired functionalities. However, MD software often utilizes highly-
customized rendering logic, as MD scenes often contain many individual, simple objects (e.g.,
atoms), significantly differentiating them from typical rendering scenes. Therefore, game
engines are not optimized for MD, and MD softwares often use lower-level graphics APIs.

In this work, we present a novel system for MD research in VR, based on Unity3D. Starting
from a customized rendering pipeline with GPU culling and instancing, our system provides
trajectory animation renderings, intuitive VR interface for navigation and MD workflows, and
tools for real-time visualization of running server-side simulations. We will also discuss our
future work improving the rendering capacity of our system, ultimately enhancing research at

a molecular scale.
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