
Exploring the solar system

Using CubeSats to see everything
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We need more robotic missions to the 
outer solar system

• Flybys (dates of missions)
– Pioneer 10 and 11 1972-2003

– Voyager 1 and 2 1977-2025

– New Horizons 2006-

• Orbiters (dates in orbit)
– Galileo 1995-2003 at Jupiter

– Cassini 2004-2017 at Saturn

– Dawn 2011-2018 at Vesta and Ceres

– Juno 2016- at Jupiter (planet only)
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What’s next?

• JUICE and Europa Clipper to Jovian moons in 
2022

• When do we go back to Saturn, Uranus, 
Neptune, Pluto?

• When do we explore the moons, the dwarf 
planets?

• When will we have pictures of the 740’000 
known asteroids, their moons and rings?
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Fill the gaps
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Why so few missions?

• Cost and risk

– Instruments are state of the art, developed for 
years, very reliable and expensive

– Spacecrafts carry >10 instruments, thrusters and 
big antenna = large mass

• Cassini was the size of a school bus

– Designed for long life, maximum science activity

– Big rocket, expensive and reliable launch provider

21/10/2017 SpaceUp Cote d'Azur 2017 5



An alternative?

• A fleet of cheap spacecrafts

– Low risk, low cost per spacecraft

– Lower quality science but more science

– Less active spacecrafts but always many active

• Already happening for low Earth orbit: 
NanoSats and CubeSats

• Happening in 2020 for the Moon (SLS EM-1)
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An alternative?
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EXPLORING WITH CUBESATS

In outer interplanetary space with less than 10kg

(or nano-spacecrafts)
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Small spacecrafts challenges

• Power generation

• Propulsion

• Communication

• Low-cost electronics

• Attitude control

• Science instruments
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Power generation

• All missions beyond the asteroid belt except Juno and Rosetta had 
radioisotope thermoelectric generators (RTG)

• Juno has 60m2 solar panels for 428W at Jupiter, Rosetta had 64m2

• GaAs solar cells, 30% typical efficiency, 2.3W/dm2 in Earth orbit, 
facing sun
– 104mW at Jupiter, 28mW at Saturn, 6.6mW at Uranus…
– 18 for a 3U CubeSat (118mW at Uranus) facing sun

• Target very low power consumption
– Reduced number of instruments and low duty cycle
– Low bandwidth and infrequent communication

• Micro RTG or other kinds of nuclear batteries
– Pacemakers nuclear batteries Pu238
– 10<HL<100 years: H3 (tritium), Kr85, Sr90, Nb93, Ce135, Eu154, 

Pb210, Th232, Pu241
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Propulsion

• May not be required if spacecrafts are inserted on 
planetary transfer orbit or long elliptical solar orbit
– Or orbital insertion only

• Chemical thruster, small V
• Electrical thruster

– Probably incompatible with solar power generation in the 
external solar system

– Asteroid belt exploration
– Dawn: 1237kg, 19mN for 500W
– Nano spacecraft linear equivalence:

10kg, 0.153mN, 4W

• Solar sails
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Communication

• Radio requires a big dish at this distance
– Juno High-gain antenna 2.5m
– Cassini 4m X-band 20W, 166kbps to DSN

• LASER has been demonstrated from the Moon through atmosphere 
with powerful ground stations, 622Mbps, 0.5W 
– Less mass and power for same data rate than radio bands
– Rough scaling: 150kbps @ 24 million km (12 min d/l per 2k image)
– 10cm telescope = 15 microradian beam (LCRD)

• For send and receive operations
• For imaging (Planet’s Doves, 3U CubeSats, have a 9cm Maksutov-Cassegrain

telescope)
• For spacecraft heating?

– Pointing accuracy is very high
– NASA Psyche 2022 will communicate up to 2.5 AU with Laser

• Fixed relays at Earth-Moon L1 or on the Moon
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Orbits

• Maximum distance between spacecrafts requires 
meshing of the ecliptic plane

• Rockets insert into long elliptical orbits, transfer orbits
– Onboard propulsion could circularize, but is it needed?

– Long-running electrical thrusters would make a spiral orbit 
ending circular

• Solar orbits may not be stable close to planets
– Take advantage of Lagrange points of the solar system

• Gravity slingshot

• What about going above the plane?
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Meshing

• For a 150kbps and 0.5W lasercom, and circular 
orbits, we need:
– 40 spacecrafts to cover the Earth’s 940 million km long 

orbit
– 60 spacecrafts for Mars’s 1431 million km orbit

• Trade the high failure rate with redundancy
• A communication goes through a graph path

– Inner nodes relay more often but have more power 
from the sun, lightweight data acquisition when far 
from planetary bodies
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Earth orbit, 40 spacecrafts

Mars orbit, 60 spacecrafts

Earth to Mars, circular orbits

• 200 spacecrafts for a 24-million miles communication range

• Non-redundant, ideal orbit configuration
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To the gas giants

203 375 750 1180
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To the gas giants
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Orbits are shorter than circular
ones but still decades long and
require dedicated launchers



Onboard computer

• Traditionally radiation-hardened and slow 
components

• Shorter missions with less importance may be 
done with slightly shielded components

• Low-cost redundancy

• CubeSats electronics is basically smart 
phones-grade, but they are protected by Earth
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Attitude control

• Mandatory for communication and science

• Solar panels facing sun, lasers and instruments 
pointing any direction

• Reaction wheels provide good torque but are 
heavy, large, consume power permanently 
and need to be desaturated

• Resistojets, miniature chemical thrusters, 
micro Newton electrical thrusters

• Solar wind sailing
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Keeping track of time

• To be able to communicate with each other, each 
spacecraft needs to know its own position in 
space
– Knowing where to point

– Telling others where to point

– Knowing when to send and receive data

• Using star trackers and precise clocks it is possible

• Uplink date and time periodically to the network

• Redundant or rad-hard clocks are required
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What science for small satellites?

• Studying space and time-varying phenomena
– Solar wind and coronal mass ejection study across the solar 

system, at least in 3D
– Magnetic fields around gas giants
– Distribution of interstellar particles and radiation

• Permanent observation from small distance of planetary 
systems
– Rapid reaction to collision or storm events
– Seasonal changes

• Adding a dimension: leaving the ecliptic of planets and the 
sun

• Astrometry: longer baseline for parallax measurements
• Observe more asteroid occultations
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Let’s do this!

• Periodic rockets that send swarms of 
spacecrafts
– Low-cost dedicated launchers ($5 M), higher V

– Secondary missions on high-cost launchers
• Interplanetary missions are infrequent, more 

autogenous V needed

• Mass production keeps spacecraft prices low
– Probably less than 20 k€ per unit

• Get funding and a team!
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