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(Very) briet history of the hardware

Description of the state of the art
Short-term mission and technology possibilities
Intermediate-term mission and technology possioilities

L ong-term speculation
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Alta Devices solar cells - 300 mW each



0.1 grams, and flexible
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lightweight, flexible Kapton substrate



better view of torque/inductive powering coils



Hardware:

embedded ISM
GPS

two ambient lig

two Alta-devices solar cells (300 mW each)
CC1310 ARM processor running RTOS

25 mW radio chip

accelerometer, magnetometer, and gyroscope

-band antenna (915 MHz)

onboard GPS chip antenna
JTAG interface via HDMI micro
Nt SeNnsors

embedded torc

ue coills for attitude manipulation

motor driver for torque coil control
embedded inductive powering colls
LED’s for user feedback

Coax

Microcontroller/

Radio

ISM-band
antenna
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LED’s —
Inertial

Measurement
Unit

Rectifier

Motor Driver
GPS Module

Ambient Light
Sensor

GPS Antenna
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Solar Cell

Coax Pad Capabilities:
Microcontroller/ — ———— , , L : :
Radio \ Boost ® chip-to-chip communication from up to 1 km line of sight
T | Converter ® chip-to-receiver communication from >1000 km
antenna ® GPS acquisition in 30 seconds
JTAG . . . .
, ®
LED’'s — e powering by sun and/or inductive coils
~ N = Ry ® communication among hundreds of chips on a single
. e - ¥ 7 - ~Space Systems §
Inertial ~ — s ISM-band frequency
Measurement S I SR |
. | i At gy Ambient £
Unit | & Light Sensor ® can be made to be waterproo
® cxtremely shock-proof (27,000 g’s)
® can generate their own magnetic field
Solar Cell
Rectifier Pad ® stable flightin O g’s
| Torque/ ® flexible (to an extent)
Motor Driver N . :
e L AT AT | POC\;V?IF'HQ ® capable of accommodating any sensor that meets
GPS Module P [Reds \' — OfiS size and power requirements
Ambient Light i ISM-band ® operating temperatures from -40 to +85 C
Spneor - antenna

GPS Antenna —{ Coax



What Is the point of all this effort’?
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Reasons to bulld femtosatellites:

1. They can be manufactured cheaply and in bulk.
2. They can be launched and deployed in bulk.

3. Their size affects their orbital perturbations and impact mechanics.

Femtosatellites are not small versions of large spacecraft. They have a different set of use cases.



Duration of the presentation:

1. Short-term mission possibilities
2. Intermediate-term mission possibilities

3. Long-term speculation



Ground Stations,
Aggregating Data

@’( Sun-Earth Day 2008: Space Weather Around the World
sunearthday.nasa.gov




Ground
Stations, Aggregating
Data and Distributing
Swarm Commands
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lechnical requirements:

1. Routing policy over the collection of Monarchs

2. Information exchange among the Monarchs



Simulation of proposed routing policy

routing over stochastic swarm

routing over nested swarm

Communications." 20718 AIAA Information Systems-AIAA Infotech@ Aerospace. 2018. 1802.

Adams, Van H., and Mason A. Peck. "A Probabilistic Network Formulation for Satellite Swarm
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Ground
Stations, Aggregating
Data and Distributing
Swarm Commands
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sunearthday.nasa.gov
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Mothership
Aggregating Data
and Distributing
.Swarm Commands
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Would the spacecraft survive impact”?



| unar Impact Survivability Testing

5000 - 27,000 g’s normal
to the board surface

lunar regolith simulant

New Ascent



All boards and sensors survived unscathed.



four embedded monarchs

Rather than attach a
sall 1o a spacecratt,
We can create a sall
that Is a spacecratt.




400 embedded monarchs

Or a sall that Is
omposed of 400
spacecraft, with 400
Sensor sultes.




|_ong-term speculation . . .



Pragmat|C thin-film ARM processors



Starchip mockup



Thinergy solid-state battery



Widetronix beta voltaic nuclear battery



Emergent pattern in a murmuration of starlings



My lab bench



