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USAFA — Polaris Dawn Arabidopsis Root Modeling (Case Study)

The United States Air Force Academy (USAFA) purchased two Macropod PRO 3D imaging systems
and engaged Macroscopic Solutions to facilitate and oversee the 3D modeling of Arabidopsis thaliana root
systems grown in microgravity aboard the Polaris Dawn mission. Working with Major Travis Tubbs and
collaborators in the U.S. Space Force and SpaceX, we supplied the equipment, validated capture workflows,
and mission-ready support. This effort—part of the SOPHIA experiment—investigates how seeds sprout and
spread roots in zero gravity, generating data that informs life-support strategies for long-duration human
spaceflight.

Before launch, we configured both Macropod systems in Cpae Canaveral, FL, standardized imaging
SOPs, and trained USAFA personnel on imaging protocols to image pre- and post-launch. After sample returr
our team captured high-resolution, multi-angle image sets of each specimen directly through plastic cuvettes
using controlled illumination and long-working-distance optics. The Macropod’s rigid geometry and precise
motion control ensured consistent datasets across all samples, enabling reliable cross-comparison and repee
ble measurements.

Macroscopic Solutions executed a high-throughput processing pipeline in Agisoft Metashape to align
imagery, generate dense point clouds and meshes, and export measurement-ready 3D models. The workflow
was optimized for batch processig all samples in fewer runs to accelerate turnaround while safeguarding
scientific fidelity.

The outcome was a scalable, field-to-lab pipeline that places USAFA patrticipants at the forefront of
space-biology research. Our work produced precise 3D reconstructions suited for quantifying root architec
ture, growth rates, and structural responses to microgravity. Thanks to Macroscopic Solutions, USAFA now
has a repeatable template for future microgravity bioscience investigations backed by our ongoing consulta
tion and maintenance.




