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Objective: To develop a virtual reality design tool that facilitates rapid mock-up and flexible design of microgravity
vehicles and habitats.

Research Product Description: Space vehicle design is critical to maximize crew efficiency, comfort, and equipment
storage. Designers utilize mock-ups early in the design phase to experiment with ideas, but high fidelity mock ups can be
costly and time consuming to produce. Therefore, many design decisions have been set in place by the time a high
fidelity mock-up is created. Engineering drawings allow early assessment of vehicle design, but do not allow
experimental evaluation of physical presence of people interacting with the system. Further, when testing mock-ups in
1G, our perspective is limited by our orientation and by interacting with the vehicle in 1G. This limitation is removed in
microgravity, where astronauts interact with the vehicle or habitat in ways not possible on Earth. It can be challenging for
designers to optimize spaces when thinking and working in 1G. To enable efficient and rapid mock-up of vehicle
concepts, virtual reality can be used earlier in the design process to achieve improved system design.

Specific Aim 1: Create a virtual reality design tool for space vehicles and habitats. The virtual reality (VR) tool will
represent a physics based simulation of the microgravity environment. The visual perspective of the user can be rapidly
switched to simulate that of a person in microgravity. A major component of vehicle design is optimizing storage and
usable space. By simulating how the objects the user will interact with in microgravity, design improvements can be
identified earlier in the design process.

Specific Aim 2: Evaluate tool effectiveness in a vehicle mock-up experiment. The interactive VR design tool developed
in Specific Aim 1 will be evaluated in comparison to a mid-fidelity physical space vehicle mock-up. Subjects will
perform sequential tasks simulating a science protocol to be performed in a microgravity vehicle. Environment order
(VR or physical) will be counterbalanced and all subjects will be trained on the simulated science tasks in both
environments prior to the start of the experiment to reduce the effect of learning. Subjects will be given a checklist to
follow to ensure he or she adheres to the protocol. After the subject has completed 50% of the tasks, he or she will be
given the option to reconfigure the workspace. No constraints on the nature of the reconfiguration will be given to the
participants, and tasks will be sufficiently diverse such that there is no a priori optimal configuration for all tasks.

NASA Relevance: This proposal addresses the Risk of Incompatible Vehicle/Habitat Design. Specifically, it addresses
the Gap HAB — 05 to identify technologies and create a tool to enable the design and assessment of space vehicles. The
development of this technology achieved in Specific Aim 1 and the validation of its use achieved in Specific Aim 2 will
create a tool that can be applied in the future to other Risk objectives, such as assessing the effect of lighting in the
habitat space, simulated vibration, or ergonomic evaluation.

New project for FY2018.
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