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Project Objective:

Typically, the cost of a space-borne imaging system is driven by the size and mass of the primary
aperture. The solution that we propose is the Granular Imager (Gl): a self-assembled, self-
organized granular medium suspension of reflective/refractive material that operates as a scalable,
low mass, self-healing, disposable/replenishable imaging system in the visible or microwave bands.
Recent work funded by NIAC (now closed) investigated the feasibility of a Gl system, concluding
that such a system could be built and controlled in orbit, and would lead to a significant reduction of
overall mass and cost. This effort is aligned with the 2018 JPL Strategic Plan: “...JPL develops
autonomous robotic systems to image distant objects with new telescopes”. The Gl presents an
attractive alternative with its low mass payload and flexible aperture size to provide useful
astronomical observations, and has the potential to bring new opportunities for NASA imaging
technology for astrophysics, remote sensing, and DoD surveillance and reconnaissance.

Part of our very preliminary experimental work confirmed the feasibility of capturing an image from a
reflective granular medium, and provided valuable insight into the process of suspending a stable
cloudlet. This initial work was done with a toy small trap that could be used on a desktop with no
safety requirements, but this trap has insufficient power to do meaningful optical reflection tests with
larger particles. We need to build and test a more capable device with sufficient trapping capability
in order to demo the imaging system concept, retire the perceived risk associated with this
innovative idea, and strengthen the science pull we need to be able to move forward to the next
step in Gl technology maturation. This work is new, is not incremental, and represents a critical step
to move forward.

The objective of this task was to build and demo a larger, low-cost table-top electrostatic ring trap
(Paul trap) that stably suspends reflective metallic granular medium a few centimeters in diameter.
A collimated laser is used to probe the confined medium and reflected light is measured. This demo

Beneflts to NASA and JPL:
Enable detection of habitable worlds from Sun-Earth L2, in the near IR to visible
(0.5 to 2 micron), with an array of apertures scalable to 100m class low-fill factor
distributed primary.

- Scalable (modular) apertures of several tens of m based on the Gl would enable
remote observations of earth from GEO at spatial and temporal resolution sufficient
to resolve the evolution of several processes related to weather and the water cycle.

The Granular Imager is an

array of a disaggregated Granular Imager
collection of granular Collector Suspended |
reflectors that are optics Granular

externally shaped into a
primary surface, scalable
to km-size apertures.

The Granular Imager could
be used to detect and
spectroscopically
characterize habitable
worlds from Sun-Earth L2,
in the near IR to visible
(0.5 to 2 micron) .
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- Multiple traps were fabricated and tested

- Conducted numerical simulation in support of
design of multi-electrode trap

- Tested efficiency of multi-electrode trap for
focusing

« Experimental set-up .
Conclusions:
- The trap stably suspends the granular medium
and confines the particles within a flat volume
- Gravity biases the equilibrium and makes tests
with the multi-electrode trap challenging
- Conducted preliminary reflection tests of light
scattered by the granular medium onto
screen and stored images for subsequent
analyses.

« Numerical analysis of the multi-
electrode trap

Trapping potential (arbitrary unit)

Future work: Multiple frames of reflected light
can be deconvolved to estimate the object under
observation
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« The reflection of the green laser
light. The bright green lines are
the reflections from the trapped
grains.

small portion of
the trapped
grains.

Arepeatable
pattern is
observed, and
will be
analyzed to
form images
in the next
phase.
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